CONSIDER THE APPLICATIONS VERSATILE 
BONDSTRAND YOUR OPERATIONS! 


KEY DATA: Bondstrand pipe weighs much pipe equal 
strength and capacity...Inside diameters from inches, inches special 
i ; order... Nominal working pressures 250 psi (Bondstrand 250) and 500 psi (Bondstrand 
joints easily and permanently made using Bondstrand fittings and coup- 
lings...Tensile strength, hoop 80,000 psi; longitudinal, 40,000 scale 


formation, cold flow, deformation, leakage liquids 


or gases, even at near-bursting pressures (5,000 psi)... Conforms to ditch contours 


... Coast-to-coast field engineering service. 


FOR BONDSTRAND TECHNICAL DATA and recommendations 
: for your piping problems, write today, giving pressure, temperature, environment, 


and material handled. 


Dept. G13 


4809 Firestone Boulevard 


South Gate, California 
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diameters from inches inches 


THE CHEMICAL INDUSTRY 


Consider the advantages Bondstrand for: 


Most dilute acids and alkalis 
Corrosive salt solutions 

Stacks and ducts for chemical fumes 
Vegetable and animal oils 

Foods and beverages 

Petroleum products 


Electrical conduit 


Bondstrand ideal for the piping fluids which 
corrode metal pipes, which are contaminated 


flavored by metal. 


See BONDSTRAND Booths and 70, NACE Show, Civic Auditorium, San Francisco, March 
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Why jet engines are harnessed 
with [arpenter Welded Stainless Tubing 


Reason One: For measuring their exhaust temperature. 
They’re harnessed with the circular assembly O.D. 
Type 430 Carpenter Tubing shown above. Inside are 
two wire loops connected thermocouples the engine 
tail-cone. Made diameters 12” 36”, this harness 
has withstand 1000-degree heat, corrosive fuel 
and atmosphere, engine shock and vibration. 


Reason Two: Type 430 Carpenter Tubing provided 
more than the strong resistance heat, corrosion and 
shock, and the low coefficient expansion required 
this punishing service. Being tubing, its uniform 
walls, working properties and dimensional accuracy 
0.003” throughout were important production advantages 
forthe Precise bending, other 
operations were accomplished trouble-free. 


Next time you need stainless tubing for pressure, corro- 
resistance, mechanical, structural sanitary require- 
ments, call your nearby Carpenter Representative 
Have him tell and show you why the quality 
aid uniformity the welded tubing sells saves time, 
trouble and money. Meantime, send for Selecting and 
Guide, Bulletin T.D. 120. 


You are sure getting all these tubing 
advantages from Carpenter: 


Uniform wall thickness throughout the length the tube 
Smooth surfaces, O.D. Uniform analysis Guaran- 
teed 100% pressure tight Maximum workability Full 
corrosion resistance throughout Heat exchanger quality 
Widest range analyses Lower initial cost. 


The Carpenter Steel Company, Alloy Tube Division, Union, 
Export Dept.: The Carpenter Steel Co., Port Washington, N.Y.—‘‘CARSTEELCO” 
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anodes give better current 


distribution, are 


Says refinery engineer, been real life- 
saver for us. use them for tank bottoms crude oil 
service, all types underground pipelines, water boxes 
and floating heads condensers and coolers.” 


This typical comment from man who has had experi- 
ence with magnesium anodes. relatively small investment 
magnesium anodes pays off handsomely terms pro- 
tection for tanks, lines and other equipment. Magnesium 


easy install” 


anodes provide their own current—don’t depend power 
supply ground beds for continuous operation. 


Whether your requirements call for the unmatched throwing 
power Galvomag® magnesium anodes lower potential 
unit, magnesium your best bet. For facts, figures and 
technical information, get touch with one the firms 
listed below write us. THE DOW CHEMICAL COMPANY, 
Midland, Michigan, Dept. 1436R. 


CALL THE DISTRIBUTOR NEAREST YOU: Cathodic Protection Service, Houston, Texas Corrosion Services, Inc., Tulsa, Oklahoma Electro 
Rust-Proofing Corp. (Service Division), Belleville, N.J. Ets-Hokin Galvan, San Francisco, Calif. The Harco Corp., Cleveland, 
Ohio Royston Laboratories, Blawnox, Penna. Stuart Steel Protection Corp., Plainfield, N.J. The Vanode Co., Pasadena, Calif. 
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Libraries of Educational Institutions 
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THIS COVER—This evaporative air 
cooler, similar thousands used arid ond 
semi-arid parts the United States, has been 
wrecked rust. fan sucks air through wet 
mats shredded wood other moisture- 
retaining material and air cooled wien 
evaporating water absorbs heat from it. 
shell and other parts usually get nominal 
ings for corrosion protection. 


EDITORIAL STAFF 


JAMES LONGINO 
Technical Editor 


EDITORIAL REVIEW COMMITTEE 
KUNKEL—Chairman 
MARK ADAMS 
ALEXANDER 
PHILIP AZIZ 
FRANKLIN BECK 
JOSEPH BIGOS 


JOHN HALBIG 

HAWORTH 
HARRY KEELING 
FRANK KULMAN 
CHARLES NATHAN 


MARC DARRIN PIKE 
DIETZE FRED REINHART 
DRALEY JANE RIGO 


OTTO FENNER THOMPSON 
ROBERT WOOFTER 


CORRESPONDENTS 


1. S. LEVINSON—Non-Ferrous Metals 
TEEPLE—Pulp, Paper, Mining and Food 


KALHAUGE—Petroleum Production and 
Pipe Lines 


RIEGEL—Ferrous Metals 

F. E. KULMAN—Power 

THOMAS Metals 

HOWARD BENNETT—Petroleum Refining 

A. F. MINOR—Telephone, Telegraph and Radio 

SHEPARD—Non-Metals 

LEONARD Industry 
KENDALL—Fresh and Salt Water 

DEGNAN—Chemical Industry 


BUSINESS STAFF 


NORMAN E. HAMNER 
Managing Editor and Advertising Manager 


CAMPBELL 
(Executive Secretary NACE) Business Manager 


GENERAL OFFICES 
1061 M & M Building, No. 1 Main St. 


Houston 2, Texas 


The 


oth 
per 


nes 
gre 
nes 
con 


1 
q 
q 
q 
an 4 
q 
| 
4 
; 
q 
q 


tive 
ond 
been 
igh wet 
coat- 


NORTH 
JLMAN 
ATHAN 
NEE 
PIKE 
NHART 
RIGO 
EBUCK 
APSON 


dio 


er 


ager 


ASSOCIATION CORROSION ENGINEERS 


200 
100 200 400 500 600 


ANODE CURRENT DENSITY ft. 


AVAILABLE NOW! 
Standard Magnesium HIGH CURRENT Anodes 


The most important consideration the purchase 
magnesium anodes the anode efficiency. 
other words how much actual protection you get 
per dollar invested. 


can seen from the graph, Standard Mag- 
nesium H-1 Alloy HicH anodes give far 
greater efficiency than any other available mag- 
nesium anode. This means they deliver more 
ampere hours protection per pound metal 
consumed more protection per dollar invested. 


And with anodes you save two ways. 
First, installation costs because_Four Standard Mag- 
nesium Alloy anodes will deliver 
much current six conventional anodes. Secondly 
because these anodes cost more 
than conventional anodes. 


your next installation insist Standard’s 
H-1 alloy HicH Current anodes, field proved over 
decade millions actual installations under all 
conditions. 


For complete information describing advantages 
anodes write FREE booklet CH58. 
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Avenue West, Toronto 1 , Ontario, 
Canada 

Hewes, Chairman; Canadian 
Protective Coating Ltd., 9336-91 
Street, Edmonton, Alberta, Canada 

Bruce Levelton, Vice-Chairman; B. C. 
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Service Ltd., Dundonald Street, 
Toronto, Ontario, Canada 

W. A. Landon, Vice-Chairman; Con- 
sumers’ Gas Company Toronto, 
Mutual Street, Toronto, Canada 

Frank Farrer, Secretary-Treasurer; 
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ACP its properties and functions 
protecting aluminum alloys and bonding paint them 


ALFRED DOUTY: Technical Director, AMERICAN CHEMICAL PAINT COMPANY 


protects itself against cor- 
coating its own oxide. 
adds weight, but does not provide 
complete protection. Even commer- 
pure aluminum clean air 
room temperature oxidizes 

use adherent inorganic pro- 
coatings aluminum has long 
recognized efficacious re- 
dicing corrosion rate and prolonging 
life. Since aluminum oxide tends 
protective, natural that the 
most intensive early efforts 
direction should have involved proc- 
esses for improving the properties 
the naturally occurring oxide coating. 
Anodizing, electrochemical oxida- 
tion, although one the most 
such methods, rather 
costly and time consuming. 


Early 1945 new chemical process 
was devised for producing amor- 
phous phosphate coating aluminum. 
Its simplicity, speed and economy and 
the unique properties the coating 
have resulted wide commercial ac- 
ceptance. called the Alodine 
Process. 

Some idea the effectiveness the 
Alodine coating unpainted Grade 
aluminum may had from Fig. All 
panels were removed from the salt 
spray cabinet after 300 hr. except the 
Alodized and anodized panels, which 
were continued 800 hr. 


Organic protective and decorative coat- 
ings, such paint, likewise require 


ye 


Fig. spray test comparison Alodine 
with other surface treatments unpainted 
(Left right, top row) solvent wiped 
hr.; alkali cleaned—300 hr.; phosphate 
coated—300 hr. (Bottom row) chemically oxi- 
zed—300 hr.; anodically oxidized—800 hr.; 
Alodized—800 hr. 


corrosion-retarding undercoating the 
kind produced Alodine achieve 
their maximum life and adhesion. 

The effect the Alodine coating 
retarding underpaint corrosion shown 
Fig. The Alodized panel was 
given top coat only. All other panels 
the series were primed after the 
surface treatments with regular auto- 
motive product, baked, given surface 
coat dry-scuffed with sandpaper per 
standard automotive practice, and then 
finished with regular black baked top 
coat. The panels were removed from 
the salt spray after failure the paint 
film had set in. 


Fig. Salt spray test comparison Alodine 
with other surface treatments retarding un- 
derpaint corrosion. (Left right, top row) 
alkali cleaned and phosphoric acid dipped— 
300 hr.; phosphoric acid, solvent cleaned— 
300 hr.; zinc phosphate coated—400 hr. (Bot- 
tom row) anodically oxidized—3000 hr.; Alo- 
dized—3000 hr. 


COATING CHARACTERISTICS 


The coating produced this new proc- 
ess amorphous metallic phosphate, 
dense, rather hard, and apparently non- 
porous. Unlike most oxide films, 
nonabsorptive and cannot dyed 
stained. Sealing hot water salts 
has apparent effect. differs mark- 
known phosphate coatings, shown 
Fig. 


Resistance. Very little informa- 
tion available the present time 
the electrical properties the coating, 
but known that resistance increases 


CHEMICALS 


PROCESSES 


Detroit, Mich. 


St. Joseph, 


Fig. (Left) conventional phosphate coating 
aluminum; (right) Alodine coating produced 
3-min. immersion, rinsed and air dried. 
Magnification 500 diam. 


very rapidly with thickness and 
result coatings normally produced offer 
extremely high resistance. 


Weight and thickness. Generally speaking, 
the weight the amorphous phosphate 
coating increases with processing time, 
bath strength, and bath temperature. 
interesting note that the increase 
becomes less and less pronounced 
the temperature increases and actually 
reverses itself into sharp decline be- 
tween 130 and 140°F. 


Adhesion. The original purpose devel- 
opment this process was improve 
adhesion the paint aluminum sur- 
faces and thus lengthen their overall 
life. Only later was discovered that 
the film itself provides corrosion re- 
sistance. 


Resistance Bimetallic Corrosion. Since has 
very high surface resistance, the coat- 
ing, would expected, offers good 
resistance bimetallic galvanic cor- 
rosion. Test samples are available 
illustrate the insulating effects. 


We present here a general and by no means 
complete, report ACP Alodine—its prop- 
erties and uses in protecting aluminum alloys. 
Your ACP sales representative can give you 
much fuller story. write Ambler. 


can Chemical Paint Co. 


the introduction Alodine amor- 
phous phosphate coatings, ACP has devel- 
oped complete line Alodine amorphous 
chromate coatings for superior corrosion 
resistance. 


AMERICAN CHEMICAL PAINT COMPANY 


Ambler 40, Pa. 


Niles, Calif. Windsor, Ont. 


New Chemical Horizons for Industry and Agriculture 
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Pittsburgh Section 


A. B. McKee, Chairman; Alcoa Re- 
search Laboratories, Freeport Road, 
New Kensington, Pennsylvania 


S. H. Kalin, Vice-Chairman; U. S. 


Steel Research Lab., Monroeville, 
Pennsylvania 
R. W. Maier, Secretary; Gulf Oil 


Corp., 4th floor, Gulf Bldg., Pitts- 
19, Pennsylvania 


Treasurer; Com- 
pai, nc., Koppers B Pitts- 
urgh 19, Pennsy vania 


Schenectady-Albany-Troy Section 


Foley, Chairman; General Elec- 
tric Company, General Engineering 
Laboratory, Room 2083, Bldg. 37, 
Schenectady, New York 


H. A. Cataldi, Vice-Chairman; Gen- 
eral Electric Company, Bldg. 7, 
One River Road, Schenectady, New 


York 


J. F. Quinlan, Secretary-Treasurer, 
Charleston Road, Burnt 
ills, 


New York 
Southern New England Section 
Tice, Chairman; The Interna- 
tional Nickel Company, 
Street, Hartford, Conn. 
Archer B, Hamilton, Vice-Chairman: 


The Hartford Gas Company, 233 
Pearl, Hartford Conn. 


urer; A. V. 
Box 476, 


Smith Company, P. O. 
West Hartford, Conn. 


John B. West, Director; Aluminum 
Company of America, 1800 Rhodes- 
Haverty Bldg.., Atlanta, Ga. 

Joseph Frink, Chairman; Florida 
Power & Light Company, P, O. 
Box 3100, Miami, Fla. 

Robert D. Williams, Vice-Chairman; 
108 Cedar Lane, Charlotte 

G. M. Jeffares, Secr; tary-Treasur 
Plantation Pipe’ Co.; P. ; 
Box 1743, Atlanta*I¥ Ga. 

John B. Paisle Jr., Ass’t. Secretary- 
Treasurer? Tel. & Tel. 
Co., 1534 Marx Bldg., Bir. 
mingham, Ala. 


Atlanta Section 


Christopher Georges, Chairman; Pipe 
Line Service Corp., 1734 Candler 
Bldg., Atlanta, Ga. 


Joseph A. Lehmann, Vice-Chairman; 
Electro Rust Proofing Corp., 
Rhodes Center, W., Atlanta, Ga. 


C. Jay Steele, 
Anti-Corrosion Mfg. Inc. 
1008 Crescent Avenue, EA 
lanta 9, Ga. 


Birmingham Section 


Steel Corp., Electrical 
fake Sheet Mill, Fairfield, Alabama 


Ralph M. Cunningham, Secretary- 
Treasurer, 616 Carolyn Court, Bis- 
cayne Highlands, Birmingham, Ala. 


Carolinas Section 


J. S, Livingstone, Chairman; Living- 
stone Coating Corp., P. Box 
8282, Charlotte, N. Cc. 

Ray Penrose, Vice-Chairman; Alum- 
inum Company of America, 616 
Johnston Bldg., Charlotte, 


Robert H. Gardner, pang as- 
urer; Kopper Co. Tar Prod- 
ucts Div., Place, 
Charlotte, 


@ East Tennessee Section 


James McLaren, Chairman; Oak 
Ridge National Laboratory, Div. 
Union Carbide Corp., Box 
Oak Ridge, Tennessee 


Frank A. Knox, Secretary-Treasurer; 
Oak Ridge National Laboratories, 
Union Carbide Nuclear Co., Div. 
Union Carbide Corp., Bldg. 
9766, Y-12 Area, Oak Ridge, Ten- 


Jacksonville (Fla.) Section 


Arthur B. Smith, Chairman; Amer- 


coat Corporation, Box 2977, 


Jacksonville, Fla. 


Charles Carlisle, Vice-Chairman; In- 


dustrial Marine Service Co., Inc., 


Box 3641, Station Jackson- 


ville, Fla. 

Electric & Water Utilities, City of 
Jacksonville, Utilities Bldg., 
Laura Street, Jacksonville, Fla. 


Miami Section 


J. B. Prime, Jr. 
Power & Light Co., Box 3100, 
Miami 30, Florida 


graph Co., 
Miami, 


H. B. Sasman, Secretary-Treasurer; 
Sasman Enginering Co., Box 


452, Miami, Florida 


Ohio Valley Section 


R. S. Dalrymple, Chairman; 
neering Services Dept., 
Metals Co., P. O. Box 1800, 
ville, Ky. 


Smith, Vice-Chairman; Metal- 
lurgy & Ceramics Lins Ap- 


pliance Park, Room 249E, 


ville, Ky. 
Klein, 


St., Ownesboro, Ky. 


Tidewater Section 


Richard W. Hamel, Jr., Chairman; 
Commonwealth Natural Gas Corp., 
Box 2350, Richmond, Virginia 

George R. Lufsey, 


1194, Richmond, Virginia 
Murray S. Spicer, 
urer; 


703 East Grace Street, 
Virginia 


Richmond, 


Waldrip, Director; Gulf Oil 
Corporation, 5311 Kirby Drive, 
Houston, Texas 

J. C. Spalding, Jr., Chairman; Sun 
Oil Company, Box 2880, Dallas, 
Texas 

Caldwell, Vice-Chairman; Hum- 
ble Oil Refining Company, Box 
2180, Houston, Texas 


F. Levert, Secretary-Treasurer; 
United Gas Pipe lane 
Box 1407, Shreveport, Louisiana 


Dan Carpenter, Secretary- 
Treasurer; Aquaness Dept., Atlas 
Powder Company, Box 8521, 
Oklahoma City, Okla. 

John Nee, 
Briner Paint Mfg. Co., 
Agnes Street, Corpus Christi, 


Alamo Section 


Haering & Co., P Box 6037, 
Harlandale Station, San Antonio, 
Texas 


Zane Morgan, Vice-Chairman; Texas 
Acidizers, Box 47, Seguin, 
Texas 


Ransom Ashley, Secretary-Treas- 
urer, United Gas Pipe Line Com- 
pany, P. O. Box 421, San Antonio, 
Texas 


Carl M. Thorn, Trustee; Southwest- 
ern Bell Telephone Company, P. O. 
Box 2540, San Antonio, Texas 


Central Oklahoma Section 


R. V. James, Chairman; University 
of Oklahoma, Norman, Okla. 
Evans, Vice-Chairman; 2462 
Place, Oklahoma City 
Frank B. Burns, Secretary-Treasurer; 
Kerr McGee Oil Industries, Inc. 


ASSOCIATION 


Chairman; Florida 


Vice-Chairman; 
econ 


Engi- 
Reynolds 
ouis- 


Secretary-Treasurer; 
Texas Gas Transmission Corpora- 


tion, Box 577, 423 Third 


Vice-Chairman; 
Virginia Electric & Power Co., Box 


Secretary-Treas- 
The Chesapeake & Potomac 
Telephone Company of Virginia, 


CORROSION 


Allen, 
Prichard Oil C 
Bank Bldg., Oklahoma City 
Okla. 


Trustee; Anderson- 
orp., 1000 Liberty 


@ Corpus Christi Section 

Kenneth R. Sims, Chairman; Gas 
Division, Department Public 
Utilities, Box 111, Corpus 
Christi, Texas 

William Taylor, Vice-Chairman; Gas 


Department, City Corpus 
Christi, Box 1622, Corpus 
Christi, Texas 
Joseph Willing, Jr., Secretary- 


Treasurer; Humble 
Company, Box 1051, Corpus 
Christi, Texas 

John P. Westerveldt, Trustee; Pon- 
tiac — Line & Export Co., 
0; 1581, Corpus Christi, 
Texas 


East Texas Section 


E. Chairman; Sun Oil 
Company, Box 472, Kilgore. 
Texas 


Gene Smith, Vice-Chairman; Lone 
Star Steel Company, Lone Star, 
Texas 

Chapin, Secretary; Pan Amer- 
ican Petroleum Corporation, Box 
2069, Longview, Texas 


J. H. Graves, Treasurer; Tidal Pipe 
Line Company, P. O. Box 777, 
Joinerville, Texas 

Orchard, Trustee; Cardinal 


Company, 


Box 54, 
Longview, Texas 


Houston Section 


J. T. Payton, Chairman; The Texas 
Company, Box 425, 
Texas. 


Wood, Jr., Vice-Chairman; 


Chatsworth Street, Houston 
24, Texas 
Tinsley, Secretary-Treasurer; 


Southwestern Bell Telephone Com- 
1119 Capitol Avenue, Room 
Houston Texas 


Charles Woody, Trustee; United 
Gas Corporation, P. O. Box 2628, 
Houston 2, Texas 


@ New Orleans-Baton Rouge Section 


MacDougall, Chairman; Shell 
Oil Company, Box 193, New 
Orleans, La. 

William Voorhies, Vice Chairman; 
Freeport Company, Port 

Keith Sec. The Texas 

O. L. Grosz, oe he California 
Box 128, Harvey, 


North Texas Section 


Glyn Beesley, Chairman; Dallas 
Power & Light Company, 1506 
Commerce Street, Dallas, Texas 

E. J. Simmons, Vice Chairman; Sun 
Oil Company, Box 2880, Dal- 
las, Texas. 

Don Taylor, Sec.-Treas.; Otis Pressure 
Control, Inc., Box 35206, Dal- 
las, Texas. 

Howard Greenwell, Trustee; Produc- 
tion Profits, Inc. 8912 
Row, Dallas, Texas. 


Panhandle Section 


Tinker, Chairman; Phillips Pe- 
troleum Company, Engineering 
Dept., Box 327, Phillips, 


Texas 

Allen, Vice Chairman; 
Northern Natural Gas Company, 
Box 68, Skellytown, Texas 

James Edminston, Secretary-Treas- 
urer; Cabot Carbon Company, 
Box 1101, Pampa, Texas 

Jack St. Clair, Trustee; Dearborn 
Chemical Company, Box 23, 
White Deer, Texas 


Permian Basin Section 
Jack Collins, Chairman; Continental 
Oil Company, Box 3387, 


Odessa, Texas 
Roscoe Jarmon, Ist Vice-Chairman; 
Box 


Cardinal Chemical Co., 
Odessa, Texas 

G. K. Harding, 2nd Vice-Chairman; 
Gulf Oil Corp., P. O. Bor 362; 
Goldsmith, Texas 


ENGINEERS 


Robert C. Booth, Sec.-Treas.; P! stic 
Odessa, Texas 

John V. Gannon, Trustee; The 1 xas 
Company Production Dept., Box 
1270, Midland, Texas 


Rocky Mountain Section 


tecto Company, 2255 S§ uth 
lle treet, Denver, Colc ado 
Paul Lewis, Vice-Chairman, 


reau Reclamation, 56, 
Denver Federal Center, ver, 
Colorado 

Herbert L. Goodrich, Secretary-T: :as- 
urer; American Telephone 
graph Company, 
Denver, Colorado 

Karl S. Hagius, Trustee; Colo:ado 
Interstate Gas Company, P. O. Sox 
1087, Colorado Springs, 


Sabine-Neches Section 

A. V. Wafer, Chairman; Ohms‘ede 
Machine Works, Box 2431, 
Beaumont, Texas 

Paul McKim, Vice-Chairman; Socony- 
Paint Products Company, 
2848, Beaumont, Texas 

John Secretary-Treas- 
urer; Gulf Corp., Box 
701, Port Texas 

Coulter, Trustee; Cities Sevice 
Refining Corp., Basic Lab- 
oratory, Lake Charles, La. 


Shreveport Section 

L. B. Irish. Chairman; Irish Engineer- 
ing Service, 760 Dodd St., Shreve- 
port, Lousisana. 

Wise, Vice Chairman; Arkansas 
Louisiana Gas Co., Box 1734 Shere- 
port, Louisiana. 

Grady Howell, Secertary; Tube-Kote, 
Inc. 700 Dodd, Shreveport, Louis- 

R. P. Naremore, Treasurer; Arkansas 
Fuel Oil Corp., P. O. Box 1117, 
Shereveport, Louisiana. 

E. H. Sullivan, Trustee; United Gas 
Pipeline Co., 2302 Thornhill, Shreve- 


port, Louisiana. 


Teche Section 

Max I. Suchanek, Chairman; District 
Product Engineer, Dowell, Inc., 
Box 830, Lafayette, La. 

Lee DeRouen, Vice-Chairman; 
Union Oil Gas Corp. Louisi- 
ana; 2nd Floor Pioneer Bldg., Lake 
Charles, La. 

John Stone, Secretary; Sunray 
Mid-Continent Oil Pro- 
duction Dept., Box 1265, Oil 
Center Station, Lafayette, La. 

Sam Fairchild, Treasurer; Texas 
Pipe Line Compa ny, Box 1145, Oil 
Station, La. 

Bassham, Trustee; Box 
128, Oil Center Station, Lafayette, 


Tulsa Section 


Frederick A. Prange, 
Phillips Petroleum 
Bartlesville, Okla. 

Everett, Vice-Chairman; Okla- 
homa Natural Gas Company, Box 
871, Tulsa, Okla. 

Parke Muir, Secretary; Dowell, 
Inc., Box 536, Tulsa, Okla. 


Chairman; 
Company, 


Company, hompson 
Building, Street, Tulsa, 

Tulsa Oklahoma 

West Kansas Section 


Service Oil Company, Box 
751, Great Bend, Kansas 


Fanshier, 


Corrosion Rectifying Co., 


Great Bend, Kansas 

W. C. Koger, Trustee; Cities Service 
Oil Company, Cities Service 
ing, Bartlesville, Okla. 


(Continued Page 10) 
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NATIONAL 


News from 
National Carbon Company 


Division Union Carbide Corporation East 42nd Street, New York 17, 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, 
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Pittsburgh, San Francisco. CANADA: Union Carbide Canada Limited, Toronto 


National Carbon 


representatives expand 


your engineering force 


“National” Sales Engineer 
MALKIN 

thoroughly trained and widely ex- 
perienced sales engineers represent- 
ing National Carbon Company the 
chemical processing industries. Mr. 
Malkin graduated from Lehigh Uni- 
versity with B.S. chemical engi- 
neering. spent four years 
National Carbon’s new products de- 
velopment group, originating designs 
and developing new equipment. For 
ten years has been field engineer. 


Mr. Malkin qualified aid 
the selection, special designing and 
installing carbon, graphite and 
“Karbate” chemical process equip- 
ment. Call your “National” Sales En- 
gineer today can save you time, 
money and needless worry. 


NOW...“Karbate” Armored 
Pipe Larger Sizes 


“Karbate” armored pipe now avail- 
and 10” I.D. all with slip-on 
cemented type fittings. 

Since its recent introduction, 
armored pipe has gained 
wide acceptance throughout the in- 
dustry. For example, recent insecti- 
cide plant installation utilized large 
quantities 3”, and piping. 

the case the smaller sizes 
ipto the 6”, and 10” “Karbate” 
pipe and fittings are availa- 
for prompt deliveries. 


CORROSION RESISTANT CARBON 
GRAPHITE TOWER INTERNALS ASSURE 
MAXIMUM OPERATING EFFICIENCY 


CARBON RASCHIG 
RING PACKING 


APPROX. 70° 


CARBON 
COLUMNS 


CARBON TOWER PACKING 
SUPPORT STRUCTURE 


Diagram typical carbon tower 
packing support structure. 


“Karbate” plate-type tower packing 
support installed primary phenol 
stripping column. Here the slotted cap 


design increases the free area. 


ATIONAL 


TRADE‘MARK 


The terms ‘‘National’’, ‘‘N’’ and 


Shield Device, ‘‘Karbate’’ and ‘Union a 
are registered trade-marks 
g 


Union Carbide Corporation. 


Carbon, graphite and 
Impervious Graphite packing sup- 
port structures, bubble cap trays and 
sieve trays are used major oil and 
chemical companies applications 
such as: caustic scrubbing towers 
ethyl alcohol (sulphuric alkylation) 
towers anhydrous HCI 
stripping towers carbon dioxide 
absorption towers (pulp and paper 
mills). 

Even after years operation, the 
design efficiencies these tower in- 
ternals have remained high level 
because formation corrosion 
products. 

Carbon and graphite internals can 
subjected temperatures sev- 
eral thousand degrees (F) without 
distortion loss strength. 
addition, rapid changes tempera- 
ture will not cause thermal shock 
failure. operating temperatures 
340 degrees, “Karbate” internals 
can used with reduction di- 
mensions. This due the increased 
strength this material offers over 
plain carbon and graphite. Request 
Catalog Section S-7340. 


“Karbate” bubble cap tray installed 
secondary phenol stripping column. 
10’ diameter tray having 124-4” I.D. 
bubble caps. such trays are installed 
the column. 


; CARBON SUPPORT | 
GRILL BARS 
q 
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Robert Kerr, Director; Southern 
California Gas Company, P. 5 
Box 3249 Terminal Annex, Los 
Angeles 54, California 


E. F, Bladholm, Chairman; Southern 
California Edison Co., 601 W. 5th 
Street, Los Angeles, Cal, 


Stark, Vice Chairman; Pacific 
Gas & Electric Co., Dept. of Pipe 
Line Operations, P. O. Box 3246, 
Bakersfield, Cal. 


WHEN CORROSION SETS IN... 


Schillmoller, Secretary-Treas- 
urer; The International Nickel 
Company, Inc., West Coast Tech- 
nical Section, 538 Petroleum Bldg., 
Los Angeles i5, Cal. 


Central Arizona Section 

David Moser, Chairman; Paso 
Natural Gas Company, Box 
1630, Phoenix, Arizona 

Russell Jackson, Vice-Chairman, 
Rust-Proofing, Inc., Ox 
1671, Phoenix, Ariz. 

Roy P. Osborn, Secretary-Treasurer; 
Mountain State Tel. & Tel. Com- 
pany, Box 2320, Phoenix, Arizona 


Los Angeles Section 


Dorsey, Chairman; Southern 
California Gas Company, Box 3249, 
oe Annex, Los Angeles 54, 

al, 


Hedborg, Vice-Chairman; 
Union Oil Company California, 
Research Center, Post Office Box 
218, Brea, Cal. 

Black, Secretary-Treasurer; 
Plicoflex, Inc., 5501 Santa Ave- 
nue, Los Angeles 58, Calif. 


Portland Section 


Moorman, Chairman; Bonne- 
ville Power Administration, 
Box 3537, Portland Oregon 

John Van Bladeren, Vice-Chairman; 
Coke Co., 132 
Flanders Street, Portland, 
Oregon 

William R. Barber, Jr., Secretary- 
Treasurer; Electric Steel Foundry 
land 10, Oregon 


T-1M 


Puget Sound Section 

Robert T. Mercer, Chairman; Rol,.-rt 
Mercer, Inc., 2121 Queen 
Avenue, Seattle, Wash. 

Norman H. Burnett, Vice-Chairm in 
230 South 187th Street, Seattle 58 


ash. 
Claude Copley, Secretary-Treasu: 
Walter N. Boysen Co., 2226 Ell ott 
Avenue, Seattle 88, Wash. 


Salt Lake Section 


John P, Reeves, Chairman; Reeve & 
Company, 334 West 17th South, 
Lake City, Utah 

L. G. Haskell, Vice-Chairman; 
Lake Pipeline Co., Box 
Salt Lake City, Utah 


Frank L. Pehrson, Secretary-Tre.s- 
urer: Kennecott Copper Cor»., 
Box 1650, Salt Lake 
Utah 


San Diego Section 


Dan Nordstrom, Chairman; The Gates 
Rubber Company, 3616 Arizona 
Street, San Diego 4, Cal. 


L. L. Flor, Vice-Chairman; 1036 Les- 
lie Road, Cajon, Cal. 

Kenneth R. Christy, Secretary-Treas- 
urer; Federal Housing Administra- 
tion, 601 Street, Room 201, 
San Diego 1, Cal. 


San Joaquin Valley Section 


Robert Davis, Chairman; The 
Superior Oil Co., P. O. Box 1031, 
Bakersfield, Cal. 

Rose, Vice-Chairman; 
The Superior Oil Co., P. O. Box 
1031, Bakersfield, Cal. 

Robert J. Kreps, Secretary-Treasurer; 
Standard Pipe Line Co., 
Box 752, Bakersfield, Cal. 


San Francisco Bay Area Section 


James K, Ballou, Chairman; Standard 
Oil Company of California, 225 
Bush St., San Francisco, Cal. 

J. B. Dotson, Vice-Chairman; Rock- 
well Mfg. Co., Nordstrom Valve 
2431 Peralta St., Oakland 


B. A. Kronmiller, Secretary-Treas- 
urer; The Flox Co., Inc., 1516 Oak 
Street, Alameda, Cal. 


TECHNICAL 
REPORTS 


MARINE COATINGS 


Suggested Coating Specifications 


the bigger they come, the harder they fall 


How much corrosion costing you? One-third steel 
manufacture goes replace equipment loss from corrosion. 
Add this the loss manhours, product, production. 

Mutual chromates offer inexpensive dual protection against 
corrosion: they make waters non-corrosive while making metal 
surfaces corrosion-resistant. These inhibitors may 
duced either sodium chromate bichromate. 

Protecting the cooling system the big marine diesel 
shown above presents tough problem which licked effec- 
tively and inexpensively Mutual chromates. For detailed 
information this and other applications, ask for the Mutual 
brochure “Corrosion Inhibition with Chromate.” find 
profitable reading. Address Dept. 


Sodium Bichromate 
Sodium Chromate 
Chromic Acid 
Potassium Bichromate 
Potassium Chromate 


Mutual 


SOLVAY PROCESS DIVISION » 61 BROADWAY, NEW YORK 6, N. Y. 


Chromium Chemicals 


for Hot Application Coal Tar 
Enamel for Marine Environment. Report 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing 
Equipment in Offshore Installations. Publica- 
tion No. 57-8. Per Copy $.50. 


T-1M Suggested Painting Specifications 

for Marine Coatings. A Report of 
NACE Technical Unit Committee T-1M 
Corrosion of Oil & Gas Well Producing Equip- 
ment in Offshore Installations. Publication 
No. 57-7. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 
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Worthite filter feed pump Farmers Chemical 
lin, Mo. Worthite Worthington Corporation trademark 


Made nickel-containing stainless 


Long-lasting parts this pump take 


phosphate-gypsum slurry 


Ina plant producing high analysis 
phosphate fertilizer, this Worth- 
ington Corporation filter feed 
pump does bang-up job with 
hard-to-handle gypsum slurry. 

And that’s understandable—be- 
cause impeller and impeller cas- 
ing, shaft and suction head are all 
made Worthite, cast Ni-Cr- 
austenitic stainless steel con- 
taining 24% nickel. 

The pump pictured here, for ex- 
ample, handles slurry with dilu- 
tion 1.4 parts solution 
part solids. Solution 32% 


INCO 


P.O; with dissolved calcium sul- 
acid and 
cates and traces hydrofluoric. 
Solids are primarily 100-400 mesh 
gypsum with about 60-100 
mesh unattached phosphate par- 
ticles, mostly silica. Temperature: 
158°F. Specific gravity: 1.66. 
Flow: 480 gpm. 


this service, impeller, shaft 
and suction head have average 
life months, the impeller 
casing months. Under slightly 
less severe conditions the same 
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for their corrosion-resisting, nickel-containing alloy. Com- 
position: 24% Ni, 20% Cr, 3.25% Si, 


Mo, and 1.75% Cu. 


easy stride 


plant, other Worthite pumps have 
had replacement parts 
three years continuous use. 

wrought stain- 
less steel containing nickel can 
help you combat corrosion and 
abrasion, meet some other spe- 
cific need. For information 
guide you selecting the right 
alloy, get touch with Inco’s De- 
velopment and Research Division. 
They’re always glad ser- 
vice metal users. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


NICKEL 


NICKEL ALLOYS PERFORM BETTER LONGER 


225 
Rock- 
Valve 
land 
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Tar 
‘ 
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ca- q 
on 
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Trade Mork 


Tank lining service 
that reduces costs 


“Very good”, reported the inspector 
large chemical company. was ex- 
amining the interior one their tank 
cars coated with phenolic Unichrome 
Lining B-124. Twenty-two trips con- 
tact with highly corrosive 92% phenol 
left little mark the protective coating. 


APPLICATION SERVICE 


Companies using tank cars tanks can 
benefit from this experience. Through- 
out the country, skilled firms, such 
Metalweld, Inc., Philadelphia, are pre- 
pared apply linings open closed 
tanks. Now company has forego 
the maintenance-saving, cost-cutting 
protection enduring Unichrome Tank 
and Drum Linings. 


NOTE: Unichrome Plastisol Coatings pro- 
vide durable linings resistant alkaline 
chemicals for which phenolic linings are 
unsuitable. Send for data. 


Unichrome is a trademark of Metal & Thermit Corp. 


METAL THERMIT 


CORPORATION 


General Offices: Rahway, New Jersey 
East Chicago * Los Angeles 
Canada: Metal Thermit—United Chromium 
Canada, Rexdale, Ont. 


ASSOCIATION 


Jobs for plastisols bec 


Unichrome Coatings 
give heavy duty 
corrosion-protection 


this large fume 
scrubber was sprayed with 
Unichrome Plastisol Kay- 
bar, Inc. The thick vinyl 
coating withstands acids, al- 
kalies, and many other cor- 
rosives. Being pore-free and 
seamless, the Unichrome 
Plastisol lining now pre- 
ferred for many jobs where 
rubber plastic sheet lin- 
ings were used formerly. 


Note that sheer size 
longer hindrance apply- 
ing plastisols. Firms like 
Kaybar with ever-expanding 
facilities are located key 
points and can handle big 
jobs economically, quickly 


EXTRAORDINARY PROTECTION 


Unlike sheet materials, plastisols also 
conform irregular surfaces with- 
out air pockets. The coatings stick 
system averaging bond strength 
100 pounds per inch. They have 
good flexibility absorb mechanical 
shock, resist abrasion remark- 
able degree. 


Sprayable Unichrome “Super 5300” 
Plastisol provides films mils 
per coat. When object can 
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ome bigger 


Spark testing used check the continuity and thick- 
ness of Unichrome Plastisol Coating applied on fume 
scrubber Kaybar, Inc., Birmingham, Michigan. 


dipped, use Unichrome 
4000” Plastisols will form coatings 
inch thick one coat. 


Even ordinary metals gain phe- 
nomenal ability stand severe 
service when protected with such 
heavy duty coatings. Engineers are 
thus finding plastisols the means 
improve life equipment, solve 
problems corrosion and wear, cut 
costs. 


Send for detailed bulletins 
name nearest applicator Uni- 
chrome Plastisols. 
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TODD gets ONE-COAT VINYL BUILD 
with SPEE-FLO hot spray 


Todd Shipyard Corporation’s General Manager James Goodrich 
wanted cut down the 4-5 coats required for specified mil- 
thickness cold-sprayed protective vinyl finish. found the answer 
improved quality substantially lower cost with Spee-Flo 
hot spray equipment. Now, equivalent thickness obtained with 
one-coat application great savings time and material. 


Users the hot spray 
process for vinyl coatings 
report 300% longer 
film life, with average ma- 
terial savings 25%, due 
largely reduced over- 
spray. With 
there are runs and sags; 
finish smoother with less 
orange peel; build, hold- 
out, and coverage are 
improved. 


Simplicity simple electric light. Turn the morning 
coil-less construction eliminates daily cleanout attention. 


accurate control maintains “factory fresh” efficiency 
coils clog, pump gears wear. 


Proof watch work! There are trained sales engineers, 
plus local distributors everywhere, who maintain stocks 
COMPLETE Spee-Flo equipment. Ask for demonstration 


PACKAGE UNIT SERVES ONE 


GUNS HOSE LENGTHS FEET. Spee-Flo Equipment Has ‘Em All! 
Compare Before YOU Buy. 


Get all the facts, including case 


history data, the free booklet 
“Why Hot Spray?” 


HOT SPRAY HEATERS 
Dept. C-29, 720 Polk, Houston, Tex. 
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protection 
service 


the ultimate tape coatings 


You can rest assured that Polyken, distributed 
CPS, the answer your pipeline protective tape 
coating problems. Polyken, polyethylene 
film adhesived insulating tape, 
designed give positive anti-corrosion 
protection. Polyken available black gray. 
CPS new Protective Coatings Division has the 
know-how, materials and manpower best 


serve you any pipe coating problem. 


Specify Polyken and put these advantages work your next job. 


Substantial labor and equipment savings due simplified operation. 
Consistently high daily output means faster construction, lower costs. 
hot dope preparation—tape always ready for application. 
drying cooling time necessary. 
Application always uniform thickness and adhesion. 
Safe use—no fumes, burns, hazards people livestock. 
Strategically located CPS warehouses and compact tape packaging reduce 
storing, shipping, handling costs. 
For protective tape coating gathering lines, transmission lines, distribution lines 
—from POLYKEN the way! Consult your next job. 


cé6s15 


620 SOUTH 
TULIP 35-7264 


“ 
ADDITIONAL INFORMATION, SPECIFICATIONS AND PRICES, WRITE, WIRE 
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NEW “SQUEEZE” WITH CORBAN FOR CORROSION PROTECTION. relatively 
new technique for protecting downhole equipment from corrosion damage has 
now been proved successful Dowell. called the technique— 
and involves pumping Corban® corrosion inhibitor into the producing forma- 
tion. The protective Corban then gradually produced back with your normal 
production over period time. Corban plates out protective film the 
metal equipment contacted the well fluids. 

The “squeeze” technique has given many problem wells extended protection. 
has proved especially suited high-pressure wells. Corban polar-type cor- 
rosion inhibitor. readily available several formulas meet specific well 
conditions. Call any the 165 Dowell service points the United States and 
Canada for recommendations engineered for your wells. Venezuela, contact 
United Oilwell Service. Dowell Incorporated, Tulsa Oklahoma. 


7 


Products for the oil industry 


Send for your copy Techni- 


cal Article: “Does The Inhibitor 
Squeeze Method Work?” SERVICE SUBSIDIARY THE DOW CHEMICAL COMPANY 
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CORROSION 


non-profit, scientific and research association individuals 
and companies concerned with corrosion interested it, whose 
objects are: 


(a) promote the prevention corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(b) provide forums and media through which experiences with corro- 
sion and its prevention may reported, discussed 
for the common good. 


(c) encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for 
its prevention. 


(d) correlate study and research corrosion problems among technical 
associations reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and 
design corrosion control. 


(f) contribute industrial and public safety promoting the preven- 
tion corrosion cause accidents. 


(g) foster cooperation between individual operators metallic plant 
and structures the joint solution common corrosion problems. 


(h) invite wide diversity memberships, thereby insuring reciprocal 
benefits between industries and governmental groups well between 
individuals and corporations. 


incorporated association without capital stock, chartered under 
the laws Texas. Its affairs are governed Board Directors, elected 
the general membership. Officers and elected directors are nominated 
nominating committee accordance with the articles organization. 
Election the membership. 

Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters 
the National Association Corrosion Engineers 1061 Building, 
No. Main Street, Houston Texas. 
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Sun Pipe Line Co., Beaumont, Texas 
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Plicoflex, Inc., Los Angeles, Cal. 
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Tar Products Div., Koppers Co., Inc., 
Pittsburgh, Pa. 


Representing Active Membership 


American Viscose Corp., Marcus Hook, Pa. 
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Representing Corporate Membership 


Union Gas Co. Canada, Ltd. 
Chatham, Ontario, Canada 
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metallurgical examination indicated 
that significant damage the tube 
metal had occurred due overheating, 
either under the clamps away from the 
clamps. The structure observed indicated 
that the tube should have had essentially the 
same physical and mechanical properties 
when new (i.e., same tensile strength, 
ductility, weldability, etc.). cracks 
were observed the vicinity the deep 
pits. The metal was still quite ductile, 
even the vicinity the pits shown 
the two bent specimens the right 
Figure 


Steam Quality Not Fault 


was found that the steam quality 
was very good and would not ex- 


1061 
Vol. 
Topic the Month 
is, 
1957-60 Description Failures 
UNUSUAL type corrosion fail- 
ure was encountered recently the 
steel superheater tubes large steam 
generating unit operated Humble Oil 
956-59 and Refining Company. This type fail- 
ure was umque the author’s experi- 
ence, and illustrates the influence 
955-58 external mechanical factors 
corrosion damage otherwise non- 
corrosive environment. After nearly 
955-58 years trouble-free service the boiler 
superheater tubes, leaks began occur 
points where the tubes were supported 
external clamps. examination 
the tubes removed from the boiler was 
957-60 observed that the leaks occurred elon- 
gated, steep wall pits that originated 
the inside the tube and penetrated the 


tube wall. Figure shows sections 
the 2-inch superheater tubes with the 
clamps still attached. One the deep 
elongated pits plainly visible inside the 
upper tube the clamp the right. 
From one four such grooves were ob- 
served under the majority clamps 
examined, Other views the deeply pit- 
ted sections the tube are shown 
Figure 

Most the tubes that failed were cut 
lengthwise examine the internal sur- 
face. The deep pits occurred only 
points where there were external clamps. 
Only very few round shallow pits were 
observed inside the tubes points away 
from the clamps. The internal surface 
the tubes and the sides the deep pits 
were covered with thin adherent layer 
magnetic iron oxide The deep 
pits responsible for the tube failures fol- 
lowed definite pattern that they were 
quadrants around the inside circum- 
‘erence the tube, and generally 

ertical horizontal plane through the 
axis the tube. many cases the deep 
were surrounded small area 
had suffered slight general attack. 
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Humble Oil and Refining Company, Baytown, 
Texas. 


pected cause the type failures ex- 
perienced. The boiler feed water was 
deaerated and given hot lime-phosphate 
treatment; sodium sulfite was added after 
the filters for oxygen scavenging. Carry- 
over solids this boiler has not been 
significant. Oxygen determinations 
the steam were generally zero, with oc- 
casionally only trace being detected. 
Operating conditions were 
ticularly severe the superheater sec- 
tion. Steam was heated 650 psig over 


Figure 1—Sections 2-inch superheater tubes with 
clamps attached. 


Houston Texas 


No. 


Unusual Corrosion Failure 
Steam Superheater Tubes 


The combustion gases entered the su- 
perheater about 1400-1600 and were 
cooled about 720-800 There has 
been evidence excessive oxidation 
the outside the tubes. 

past years, addition natural 
gas, this boiler was used burn refinery 
sludge fuel. result burning this 
fuel the tubes became fouled with so- 
dium sulfate scale. order maintain 
heat transfer capacity was necessary 
wash the superheater tubes once 
twice during each run with water jet 
remove the accumulated scale. 


Probable Mechanism Corrosion 
Failures 


The protective iron oxide layer formed 
steel surfaces all high temperature 
steam systems adheres tenaciously the 
metal. quite brittle, however, and 
can damaged mechanical deforma- 
tion the metal. The localized nature 
the pits the superheater tubes sug- 
gests that the pits developed result 
some mechanical action, cracking 
dislodging the scale these Be- 
cause the great depth the pits, and 
the fact that the protective oxide film 
rebuilt and maintained during normal op- 
eration the boiler, appears likely 
that the breakdown the film as- 
sociated with cyclic abnormal conditions. 
Thus the pits could develop over long 


Figure 2—Deeply pitted sections of tube. 
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period time the repeated formation 
and removal the iron oxide film 
points where the metal was highly 
stressed. 

possible mechanism for these fail- 
ures outlined follows. The develop- 
ment stresses the tube magni- 
tude sufficient break down the pro- 
tective iron oxide scale can probably 
produced the thermal contraction 
the external clamp whenever the 
clamp suddenly chilled water dur- 
ing on-stream tube washing operations. 
has been calculated that cooling the 
clamp from 800 400 would reduce 


58t 


its internal diameter about 0.012 inch. 
Since the clamp considerably stronger 
than the tube and does not fit the exterior 
the tube perfectly, large stress and 
consequent distortion the tube could 
result from the clamp being cooled 
more rapid rate than the tube. Sections 
the superheater tube containing the 
iron oxide scale intact were compressed 
the laboratory. The scale shattered and 
fell off narrow bands under compres- 
sion and parallel the axis the tube 
when the inside diameter the tube was 
reduced 0.015 inch. The protective nature 
the scale probably was damaged 
tube distortion somewhat less than this. 


After the water washing operation, 
fresh metal surface exposed where the 
protective scale cracks spalls readily 
reacts with steam form new 
oxide layer. This initiates pit which 
grows depth with each repetition 
the stress cycle. 

temporary solution this 
problem was move the 
clamps few inches along all tie 
superheater tubes. more permanent 
lution has been reduce the burning 
sludge fuel the boiler, thus eliminati 
the need for on-stream water washing 
the superheater tubes. 
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Corrosion Stainless Steels Boiling Acids 


Introduction 


are made determine the 
exposure, the plotted data usually 
one three basic curves (Figure 
1). the weight loss directly propor- 
the length time exposure, 
data fall straight line passing 
the origin (Curve A). The slope 
the line the corrosion rate and 
throughout the test. This type 
data characteristic general cor- 
when none the complicating 
factors discussed below connection 
with the other two types curves are 
present. 

the corrosion rate (slope 
tangent any given exposure time) in- 
creases with time (Curve B), may 
indication that: (a) protective film 
gradually breaking down, exposing 
progressively larger metal areas cor- 
rosion, (b) There localized attack 
grain boundaries, which undermines and 
eventually dislodges entire grains from 
the surface the metal, (c) One the 
corrosion products, dissolved the 
solution, accelerates corrosion, and (d) 
Particles are accumulating the sur- 
face which evolve hydrogen more readily 
than the local cathodes the dissolving 
The particles referred (d) 
may deposit from the corroding solu- 
tion electrochemical cementation 
they may the metal the form 
finely dispersed second phase, which 
insoluble the corrodent but adheres 
the metal surface. 

The third possibility decrease 
corrosion rate with time (Curve 
which, some cases, may lead com- 
plete cessation all attack. The causes 
decreasing rates include (a) Exhaus- 
tion the corroding reagents, (b) For- 
mation protective film corrosion 
products the metal surface, and (c) 
Inhibiting action one more corro- 
sion products dissolved the corroding 
solution. 

Corrosion measurements are usually 
expressed corrosion rates, unit cor- 
responding the slope line drawn 
weight-loss versus time curve. 
When this curve straight line, only 
then may the amount corrosion for 
given length time exposure de- 
termined from this value the corrosion 
rate multiplying the rate with the given 
length time exposure. 


When the corrosion rate increases 
decreases with time, necessary know 
the corrosion rate was derived from 
data before any use can made 

iven rate. Thus, average rate deter- 


Submitted for publication May 27, 1957. 


Engineering Research Laboratory, Engi- 
neering Department, Pont Ne- 
mours and Co., Inc., Wilmington, Delaware. 


And Its Suppression Ferric Salts* 


MICHAEL STREICHER* 


Abstract 


detailed study has been made 
the influence of various alloying ele- 
ments in stainless steels on the course 
of corrosive attack by eight acids. Fac- 
tors in the environment (acid concentra- 
tion, corrosion products and oxygen) 
which determine the course corrosion 
also have been investigated. The acids 
used were oxalic, formic, acetic, hydroxy- 
acetic, phosphoric, sulfuric, sulfamic and 
sodium bisulfate and the stainless steels 
included chromium (AISI 400 
series), 18 Cr-8 Ni (AISI 300 series) 
and some Cr-Mn-Ni steels. 

Corrosion stainless steels 
extent the action soluble ferric 
salts, in amounts exceeding a certain 
critical concentration, that the character- 
istic bright finish of these steels is main- 
tained for long periods boiling acids. 
The minimum amount of ferric ions re- 
quired for inhibition, which may be con- 
sidered a measure of the passivating 
characteristics the steel, dependent 
alloy content (Cr-Mn-Ni) the 
steel. 

cent Cr - 5.6 percent Mn - 4.4 percent 
steel was found very similar 
that of 18 Cr-8 Ni stainless steel. 6.2.5 


mined for given length exposure time 
(such the slope the line O—1 
Figure cannot used calculate the 
weight loss for any other length ex- 
posure time. can used only for com- 
parison with other corrosion rates based 
the same length exposure. 

the initial corrosion tests made 
Cr-8 steel boiling oxalic 
acid was found that the rate cor- 
rosion depended the length time 
that given volume solution was 
used. The longer the period, the lower 
was the corrosion rate. order 
study this effect length time 
corrosion period, one specimen was 
run flask whose solution was 
changed every hour, and another was 
run without any change oxalic acid 
solution (Figure 2). After hours 
exposure only 0.2 gram anhydrous 
oxalic acid was used from 42.5 grams 
present the beginning the test. 
Therefore, cessation corrosion the 
no-solution-change test was not result 
exhaustion the acid. gray-green 
film formed the surface the speci- 
men. This film did not account, how- 
ever, for the complete inhibition observed 
after hours immersion because 
when the specimen was immersed 
fresh solution, corrosion was resumed. 

When the solution which Speci- 
men was corroded for hours was 
used for new specimen, the data 
Line Figure resulted. There was 
appreciable weight loss, micro- 
scopic evidence corrosion, and 
tarnishing. The specimen retained its 
original brightness. This test indicated 
that one more corrosion products 
(i.e., iron, chromium, nickel) solu- 
tion inhibited the corrosion stainless 
steel oxalic acid. 


different oxalate (iron, chromium, 
nickel) was added each three 
flasks containing percent oxalic acid. 
the oxalates added, only ferric oxalate 
gave inhibition (Figure 3). the 
case Specimen Figure there 
was evidence corrosion the 
specimen exposed the solution con- 
taining ferric oxalate. further tests 
was found that other ferric compounds 
nitrate, sulfate, bromide, and chlo- 
ride) also inhibit corrosion. Therefore, 
may concluded that the ferric ion was 
the acids investigated, iron dissolves 
give ferrous ions which are grad- 
ually converted the (inhibiting) fer- 


Experimental Plan 

Tests were made determine: 

accumulation and conversion 
ferrous inhibiting ferric ions. 

The formation protective films 
during immersion 
vation.) 

The action oxygen and oxidizing 
agents in: (1) Transforming the iron 
corrosion product the acid from 
the noninhibiting ferrous state 
the inhibiting ferric state, and (2) 
Accelerating the formation pro- 
tective films during air exposure 
corroded surfaces during im- 
mersion the corroding acid. 


The various types tests used 
establish which these factors con- 
trols the corrosion process given 
system steel and acid are described 
the following sections the various 
acids. Not only may the frequency with 
which the testing solution changed 
important determining corrosion 
rates, but also the frequency weight- 
loss determinations (air exposure) and 
the length time that solution 
left standing between corrosion periods. 


order determine the minimum 


Weight Loss 


Immersion Time 


Figure 1—Schematic weight-loss versus immersion- 
time curves. 
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Weight Loss, dm. 


Immersion Time, hr. 


Figure 2—Corrosion Type 304 steel boiling 
percent oxalic acid. Some 600 mi of solution was 
used; specimen area was about 20 sq cm. 


Weight Loss, ¢./sq. dm. 


Immersion Time, hr. 


Figure 3—Effect of metal ions on corrosion of Type 

304 steel in boiling 10 percent oxalic acid. Some 

600 ml of solution was used; specimen area was 
about 20 sq cm. 


amount ferric ion required for maxi- 
tests using various amounts ferric 
salts was made for each concentration 
acid and type stainless steel. 

number such tests are described 
below. 


Steels: Three groups 
steels were used for corrosion and in- 
hibition tests. these, the Cr-8 
(AISI-300 series) austenitic steels are 
the most important for chemical plant 
construction. order evaluate the 
role nickel these steels, the cor- 
responding nickel-free straight chro- 
mium steels (AISI-400 series) were 
used. 
steels also were included this investi- 
gation. these steels nickel has been 
conserved partial replacement with 
manganese. The analyses the steels 
are given Table All specimens 
used for corrosion tests were the 
annealed condition (i.e., they did not 
contain any intergranularly precipitated 


Acids: the eight acids used three 


are available solids. They are oxalic 
2H:O) and acids and 
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TABLE Stainless Steels Used for Corrosion and Inhibition Tests 


Steel (PERCENT WEIGHT) 


(AISI 
Designation) 


18.30 


18.37 


18.79 


22.88 


0.007 


0.018| 0.017 
0.019 
0.025} 0.009 


23.81 
26.22 


| SOO 


Cr-Mn-Ni.... - 18.10 
GZ-7 17.60 
Cr-Mn-Nif... B-2 15.01 


| Siviy! 


* This manganese content is above the range permitted for AISI-446 Steel. 
t Typical analysis. Twenty different heats were used. 


TABLE lons Required for 
Inhibition 


Minimum Amount of 
Ferric Ions Required for 


Compound Used* 
Inhibition (Grams/Liter) 


to Add Iron 


Ferric oxalate 
Ferric nitrate 
Ferric chloride 


* Even though ferric chloride may be used to 
inhibit corrosion, its use has serious disadvantages 
which are described later. Also, the oxalate is grad- 
ually decomposed in sulfuric acid solutions and re- 
duces ferric to noninhibiting ferrous ions. Therefore, 
it should not be used in this acid. 


sodium bisulfate. All acids used were 
reagent grade except sulfamic 
droxyacetic acids, which were technical 
grade, The percent technical solution 
hydroxyacetic acid may contain 
percent formic acid and 
200 ppm each copper and 


“Impurities” also may formed 
dissolution acid water and 
heating the solution. the case 
sulfamic acid progressive hydrolysis 
takes place, es- 
pecially near the boiling 


Even reagent grade 
varying amounts impurities which 
may have large influence the cor- 
rosion rate stainless steel. For ex- 
ample, corrosion rates reagent grade 
phosphoric acid from two different 
sources were found the present in- 
vestigation differ factor 60, 
probably result varying amounts 
fluoride impurity. 


Measurements were made 
determine the any modifica- 
tions produced impurities 
increased temperature. 
compensated instrument and electrodes 
were used make these measurements 
temperature was lower than 
Also, every case which the in- 
fluence concentration acid was 
investigated the decreased with 
increasing concentration, 


Experimental: Corrosion tests were 
made liter wide-mouth Erlenmeyer 
flasks, using 600 solution. 
changes concentration the 
oiling solution due vapor loss. The 
steel specimens were belt-ground 
80-grit finish, washed with liquid 
soap, rinsed hot water and acetone, 
and dried stream warm air. Dur- 
ing the tests the specimens were held 
glass “cradles,” which rested the 
bottom the test flasks. 

The ferric ions used for inhibitor 
tests were added the form reagent 
grade salts which had been analyzed 
for iron, When small quantities were 
required, solution known ferric-ion 
concentration was made 
measured volumes were added the 
acid solutions. 

might expected that the anion 
the ferric salt has some effect 
the minimum amount ferric ions re- 
quired for inhibition (i.e., that different 
amounts ferric ions might re- 
quired for inhibition, depending the 
ferric salt used add iron.) there 
such effect, relatively minor 
the systems For ex- 
ample percent sulfamic acid, 
inhibition was obtained AISI-304 
stainless steel the amounts iron 
shown Table 

The weight-loss data have been con- 
verted common unit, grams per 
square decimeter, for graphical presen- 
tation. However, for analysis the 
data the actual weight steel (iron) 
dissolved the test solution im- 
portance and is, therefore, frequently 
referred the discussion. 

the tables the weight-loss versus 
time data have been converted cor- 
rosion rates every 
case the rate given the maximum 
rate obtained before corrosion 


©) For conversion, g/(sq dm) (hr) x 0.36 == 
in/mo for 18 Cr - 8 Ni stainless steels. 
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creased film formation, accumu- 
lation ferric ion corrosion product, 
stopped air exposure the 
corroded surface. Therefore, these rates 
are considerably higher some cases 
than those obtained from tests which 
much longer periods are used. 
heat steel the reproducibility cor- 
rates given acid £10 
percent. However, when 
fim formed during the corrosion 
the reproducibility reduced. 


Corrosion and Inhibition Stainless 
Steels Oxalic Acid 


Series Steels 


Corrosion Without Addition In- 
hibitors: All AISI-300 series stainless 
seels (302, 302B, 304, 309, 316, 321, 
347) have constant corrosion rate 
percent oxalic acid when the solu- 
ton changed every hour, shown 
Type 304 stainless steel (Figure 
Specimen A). the solution not 
changed every hour, corrosion decreases 
and stops AISI-300 series 
the case Specimen Figure 
was shown above that the three 
the ferric state the inhibitor 
(Figure 3). 

The length time required stop 
corrosion the steel depends the 
rate which dissolves provide 
ferrous ions, and the rate which 
they are converted the ferric 
This was shown the behavior 
two specimens differing greatly area 
Even though these specimens differ 
and, therefore, the rate which they 
contribute iron the solution, the time 
percent oxalic acid required stop cor- 
convert enough ferrous 
ferric ions for inhibition) about 
the same. This time four hours for 
the large specimen and five hours for 
the small specimen. 

Exposure Cr-8 steel speci- 
mens air during the hourly weighings 
required obtain the data for weight- 
loss versus time curves does not affect 
the corrosion process. Seven specimens 
Type 304 stainless steel were ex- 
posed percent boiling oxalic acid 
periods varying from hours 
without intermediate weighings. The 
data are the same plotted Figure 
Curve (i.e., corrosion stops after 
hours exposure.) 

Additions sodium nitrate (1.6 
grams/liter) increase the weight loss 
the first and second hours ex- 
posure and reduce the time required 
stop corrosion two hours. Thus 
ions accelerate corrosion, prob- 
ibly cathodic depolarization (i.e., 
removal atomic hydrogen evolved 
cathodic areas the surface the 
steel) and accelerate the conversion 
nsoluble ferrous inhibiting ferric 
ons. Aeration the solution has 
similar, though less pronounced, effect. 

The corrosion rate decreased rapidly 
when the temperature 
the boiling point. there 
corrosive attack Types 304 
316 stainless steels, even after 2614 


* The gradual conversion of ferrous to ferric 
jons in oxalic acid also has been observed 
by I, M. Kolthoff and J. J. Lingane? in 
their polarographic investigations, 


hours exposure percent oxalic 
acid. 

The data the effect various 
concentrations oxalic acid the 
maximum corrosion rate boiling so- 
lutions are plotted Figure There 
maximum the curve about 
percent. The boiling temperature in- 
creases gradually from 101 for 
percent hydrated acid 104 for 
percent acid. 


The Effect Ferric Salts: The effect 
increasing amounts ferric oxalate 
the corrosion Type 304 stainless 
steel boiling oxalic acid shown 
Figure The weight loss for the 
test without inhibitor the maximum 
possible, since was determined 
run. All 
other results plotted Figure are from 
no-solution-change tests. 

About five hours are dis- 
solve and convert enough ferrous 
ferric ions inhibit attack Type 
304 stainless steel run without 
ferric ion additions, When the amount 
ferric ions added less than about 
0.032 gram/liter there effect 
the corrosion rate. Apparently, ferric 
ions not inhibit attack unless they 
are present certain minimum quan- 
tity; below this amount there 
inhibition. When the amount iron 
just below the 0.038 gram/liter required 
tor inhibition, corrosion stops after two 
hours immersion because only very 
small amount dissolved iron must 
converted the ferric state in- 
crease the total amount ferric ions 
about 0.038 gram/liter. This the 
reason for the lower rate plotted 
0.032 gram ferric ions per 
iter. 

Not only ferric oxalate, but ferric 
sulfate, nitrate, and even chloride and 
bromide also give complete inhibition 
AISI-300 series stainless steels 
oxalic acid. The minimum amount 
ferric ions required for complete in- 
hibition the same each case. How- 
ever, large excess amounts iron 
are added chloride bromide, the 
halogen ions offset the inhibiting action 
iron. When the minimum amount 
exceeded factor ten more, 
the corrosion rate increases progres- 
sively values much six more 
times the rate uninhibited acid. 

The minimum amount iron (0.038 
gram/liter) which produced maximum 
percent boiling oxalic acid also 
inhibited all other AISI-300 series stain- 
less steels tested: 301, 302, 302B, 303, 
304L, 316, 316L, 317, 321, and 347. 

The inhibiting action ferric salts 
extends all temperatures used for 
tests, from the boiling point. 
The minimum amount ferric ions 
required for inhibition percent 
solution also inhibits attack all other 
concentrations oxalic acid investi- 
gated (Table 3). 


AISI-400 Series Steels 


Corrosion Without Addition In- 
hibitors: The corrosion percent 
(AISI-410) and the 15-17 percent 
(AISI-430) stainless steel linear 
with time the solution-change-every- 
hour test well the 7-hour no- 
solution-change test (Figure 6). There- 
fore, may concluded that 
neither test are there protective films 
formed, and that the amount ferric 
ions produced corrosion product 
the no-solution-change test 


CORROSION STAINLESS STEELS BOILING ACIDS 


Initio! Corrosion Rates in/mo 


Concentration of Oxolic Acid in Per Cont by Weight 


Figure 4—Effect of concentration of boiling oxalic 

acid on initial corrosion of stainless steels. Corro- 

sion rates were from first hour weight- 
oss. 
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Figure 5—Effect of ferric ions on corrosion of stain- 
less steels in boiling oxalic acid. 
as ferric oxalate. 


was added 


Solution was cooled and left 
standing for 20 hr. and then 


reheated 
No weighings until 


(A) Solution change every hr. Y 
and no-solution change 7 be. exposure 


0 2 


(B) Ne solution change 


Weight Loss, g./sq. dm. 


Immersion Time, hr. 


Figure 6—Corrosion Type 430 (16.8 percent Cr) 
steel boiling percent oxalic acid. 


cient retard stop attack. The 
solutions are cloudy and contain con- 
siderable insoluble ferrous oxalate. 
addition hydrogen peroxide this pre- 
cipitate readily dissolved ferrous 
oxalate converted soluble ferric 
oxalate. 

had dissolved for hours allowed 
stand for hours there enough 
conversion ferrous ferric ions 
stop further corrosion (Figure Curve 
B). Also, new specimen when im- 
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Figure 7—Effect of ferric salt on corrosion of stain- 
less steels in boiling 10 percent acid. Iron was 
added as ferric oxalate. 
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Figure 9—Corrosion 17.6 percent 
cent Mn—4.4 percent Ni steel in boiling 10 percent 
oxalic acid. 


mersed this solution does not corrode 
(Figure Curve C). Aeration the 
corroding solution abruptly stops cor- 
rosion Type 430 stainless steel within 
one hour (Figure Curve Addi- 
tions sodium nitrate have the same 
effect. 

When the concentration oxalic acid 
increased from one percent, 
there increase the corrosion rate 
Type 430 stainless steel maximum 
about percent acid (Table and 
Figure 4). 

steel give AISI-446 stainless steel 
put the alloy active-passive region 
oxalic acid. The corrosion rate 
heat HD-7 was approximately the same 
AISI-430. However, the no-solution- 
change test, corrosion stopped after 
hours. Another heat Type 
446 stainless steel (FT-2) had much 
lower rate corrosion, similar that 
the Cr-8 steels (Table 
The difference the 
the two heats probably result 
the higher manganese content 
FT-2. 


The Effect Ferric Salts: con- 
trast the other stainless steels tested, 
410 stainless steel formed black 
film inhibited solution and could not 
kept bright, even solutions con- 
taining enough ferric ions for maximum 
possible inhibition. relatively small 


sulfuric acid, formic acid, and sodium 
bisulfate the corrosion rates of these two 
heats are similar (Tables 4, 7 and 9). 
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Figure 8—Corrosion of Cr-Mn-Ni steels in boiling 10 percent oxalic acid. 


about percent percent, give 
Type 430 stainless steel, 
creased the response the steel 
ferric-ion inhibition without affecting the 
uninhibited corrosion rate (Figure 7). 
Only 0.3 gram ferric ions per liter 
boiling percent oxalic acid solu- 
tion were required give relatively 
complete inhibition. Also, most heats 
steel maintained original 
bright finish inhibited solutions. 
additional increase percent 
chromium content give the per- 
cent steel (AISI-446) decreased the 
amount ferric ions required for maxi- 
mum inhibition factor ten, 
about 0.03 gram/liter (Table 3). 


Chrome-Manganese-Nickel Steels 

Corrosion Without Addition Inhibi- 
tors: the uninhibited, solution-change- 
every-hour tests oxalic 
chrome-manganese steels containing 
percent less nickel 
rates about times greater than 
Cr-8 steels, and two three times 
greater than the percent steel 
(Type 430, Table 3). Corrosion con- 
tinued during the 7-hour exposure period 
(Figure 8). 

the no-solution-change test there 
was abrupt cessation attack after the 
first hour. However, when 
ings were made during the no-solution- 
change test, the weight loss after seven 
hours was the same that solu- 
tion-change-every-hour test. speci- 
men which had stopped corroding 
no-solution-change test, with hourly 
weighings, was immersed fresh 
oxalic acid solution, corroded the 
same rate during the first hour 
the original test. Also, new speci- 
men was inimersed solution which 
another specimen had stopped corroding, 
corroded. Therefore, both air exposure 
corroded surface and some (ferric-ion) 
corrosion product were involved stopping 
corrosion the Cr-Mn steels containing 
0.5 and percent Ni. 

The action oxalic acid the 17.6 


percent Cr-5.6 percent Mn-4.4 percent 


Cr-8 steels. The weight losses 
these steels both 
change and the solution-change-every- 
hour tests were the same order 
magnitude and the weight-loss versus 
time curves were similar (compare Fig- 
ures and 9). 


The Effect Ferric Salts: The addi- 
tion ferric salts effectively inhibited 
corrosion all chrome-manganese 
steels. the case the Cr-Mn 
percent Ni) steel, the concentration 
iron which the specimens remain 
bright was not reproducible for 
the other steels. Tests heats 
this composition indicated that there 
was some variation the minimum 
amount iron required for each heat. 
some specimens chrome-man- 
ganese steels, which were exposed 
inhibited oxalic acid solutions, there 
was slight indication blackening 
the surface after seven hours 
exposure, which becomes 
nounced after 100 hours more. 

The longer-chain dicarboxylic acids, 
malonic and succinic, are less acid than 
oxalic acid. This reflected the 
corrosion rates observed Type 304 
stainless steel boiling percent acid. 
malonic acid the rate was inch/ 
month and succinic acid there was 
attack during the 7-hour test. Ferric 
ions effectively inhibited attack ma- 
lonic acid all three types stainless 
steels used this investigation. 


Corrosion and Inhibition Stainless 
Steel Seven Acids 


Formic Acid (HCOOH): Formic acid 
the most strongly acid the car- 
boxylic acids. The values aque- 
ous solutions are about the same 
those the strongest dicarboxylic acid 
(oxalic). This was also reflected 
the corrosion rates (Tables and 4), 
which were comparable, except that the 
high manganese steels were considerably 
more resistant formic acid than 
oxalic acid, 


change test percent formic 
all but the straight chromium steels 
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Figure 11—Corrosion of Type 304 steel in boiling 
45 percent formic acid. 


formed protective film which first re- 
tarded and then stopped corrosive at- 
(Figure 10). The properties 
this film are illustrated the data 
plotted Figure 12. 
change test was run for hours using 
Type 304 stainless steel percent 
formic acid. The specimen 
stopped corroding after eight hours 
exposure. Following total hours, 
the specimen was placed 
solution percent formic acid with- 
out disturbing the finish. There was 
exposure (124 hours total). The speci- 
was now activated hot pickling 
solution. immersion the acti- 
vated specimen fresh formic acid 
solution, corrosion was re-initiated and 
the same course before. 
protective film, which stops corrosion, 
also forms the solution-change-every- 


This film formed only when the 
specimen periodically exposed air 
during weighings. When specimen 
immersed continuously for hours 
boiling percent formic 
weight loss grams/sq instead 
about grams when hourly weigh- 
ings are 


‘9 This also applied to corrosion in 45 per- 
cent acid, except that the Cr-Mn (1 per- 
cent Ni) steel does not stop corroding in 
the 7-hour test. 


140 ml of 70 percent HINOs, 60 ml of 
iS percent HF, 10 ml of 37 percent HCl, 
and 790 ml of water at 75 C.4 An ex- 
posure to this solution of three minutes 
duration was required before gas was 
evolved on the specimen. 


percent formie acid, corrosion con- 
the solution-change test. How- 
ever, the protective film formed in 45 per- 
cent acid is also resistant to the 10 percent 
acid in a 19-hour test. 


Concentration of Acetic Acid, % by wt. 


Figure 12—Effect concentration boiling acetic 
acid on corrosion of Type 304 steel, pH and specific 
conductance acetic acid. 


the present investigation led the 
conclusion that the dissolution stain- 
less steels formic acid not typi- 
cal “borderline passivity” system 
which there variable performance 
among similarly prepared (surface- 
ground) specimens. All surface ground 
specimens corroded formic acid. Only 
when there was prior exposure the 
specimen formic acid and subsequent 
exposure air when there was 
oxide film) was the steel “passive.” 
steel exposed ferric-ion-inhibited 
formic acid not passive when sub- 
sequently exposed uninhibited acid. 


Corrosion rates were determined 
10, and percent acid and every 
case the rate percent was maxi- 


TABLE 3—Corrosion and Inhibition Stainless Steels Boiling Oxalic Acid 


Uninhibited' Amount of Inhibitor? 


Figure 13—Corrosion of Type 304 stainless steel in 
boiling acetic acid. 


mum, even though the these solu- 
tions decreases with increasing con- 
centration acid. 


The amounts iron required for 
complete inhibition various types 
stainless steels formic acid are given 
Table Ferric nitrate, sulfate, and 
oxalate were used the tests made 
determine the minimum amount iron 
required for complete inhibition. The 
nitrate the preferred inhibitor because 
its greater solubility. 


the case the dicarboxylic acids, the 


Corrosion Rate, for Max. Inhibition, 


Acid, 
STEEL (AISI Designation) % by Weight Inches/Month Grams of Fe/liter 
0.0477 
15 0.0515 0.038 
30 0.0620 0.038 
0.0425 0.038 
0.038 
0.414 1.5 (1.2 
0.0476 0.30 
0.315 0.30 
0.476 0.30 (0.28) 
0.540 0.30 
30 0.693 0.30 
60 0.610 _ 
HA-1 (16.8% Cr) 10 0.487 0.24 (0.233) 
80 0.038 
TS Cr — 17 Ma 10 1.29 0.0764 
17.6 Cr — 5.6 Mn — 4.4 Ni...........-. 10 0.068 0.10 (0.092) 


Maximum rates obtained before protective coatings are formed steel and absence appreciable 


ferric-ion corrosion product. 


2 The minimum amount of iron which produces maximum possible inhibition, leaving original bright 
Figure in parentheses is next lowest quantity tested, 


surface unattacked and free of tarnish in 7-hour test. 


which does not give complete inhibition. When no figure is given in parentheses, the single value listed gave 
complete inhibition, and no other amounts of ferric ions were tested. Minimum amount of inhibitor given 
for AISI-304 steel also inhibits other steels of the 300 series. 

Heats AISI-430 steel containing percent less chromium develop light, black coating inhibited 
solutions after hours exposure. Inhibited rate 0.004 inch/month. 

Inhibits all heats this steel tested. Most these heats are inhibited slightly smaller con- 


centration of ferric ions. 
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Figure 14—Influence nickel stainless steels 
corrosion boiling percent acids. 


Percent Ni Steel 


0.3 Type 430 (GP-5) 

0.5 18 Cr-15.5 Mn-0.5 Ni 
1.0 15 Cr-17 Mn-1.0 Ni 
4.4 
0.5 


17.6 
Type 304 (GR-3) 


acidity the carboxylic acids decreases 
with increasing chain length the acid. 
This shown the values 
formic, acetic, and propionic acids, and 
also the corrosion rates, which are 
consistently lower acetic than 
formic acid (Table 5). single test 
Type 304 stainless steel percent 
boiling propionic acid there was 
corrosion during the 7-hour test. How- 
ever, the these acids not the 
only factor determining the corrosion 
rates stainless steels. This again 
shown the effect increasing con- 
centration acetic acid. Even though 
the decreases with increasing con- 
centration, the corrosion rate maxi- 
mum percent and decreases 
higher concentrations acid (Figure 
12). acetic acid, manganese effectively 
contributes corrosion resistance. 


All types stainless steels tested 
acetic acid either corroded the 
maximum rate stopped corroding 
entirely, shown for Type 304 stain- 
less steel Figure This indicates 
that exposure oxygen (during 
weighing) resulted the formation 
protective film. When the specimen 
was left the solution for seven hours 
without exposure air, corrosion con- 
tinued the same rate during the 
first hour (Figure 13-A). percent 
acid, corrosion stopped after the third 
hourly weighing. Thus this concen- 
tration, cessation corrosion appears 
require air exposure corroded 
surface and some ferric ions solution. 

The effect oxidizing agents the 
corrosion Type 304 stainless steel 
acetic acid shown the data plotted 
Figure 13-B. Sodium nitrate and 
hydrogen peroxide increase the rate 
protective film formation almost the 
point suppressing all corrosion. 

Relatively small amounts iron 
added ferric salts inhibit all stainless 
steels tested acetic acid. The nitrate, 
oxalate, and sulfate were used tests 
made determine the amount ferric 
ions giving the maximum amount 
inhibition. Only the case Type 430 


The case of Type 304 stainless steel in 
99.7 percent acetic acid is an exception; 
there is a more gradual cessation of cor- 
rosion. 
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TABLE 4—Corrosion and Inhibition Stainless Steels Boiling Formic Acid 
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Vol. 


Concentration Uninhibited! Amount of Inhibitc 
of Acid, Corrosion Rate, | for Max. Inhibitio 
STEEL (AISI Designation) % by Weight inches/Month Grams of Fe/lit« 
0.145 0.110 (0.045) 
90 0.088 0.024 (0.018) 
90 0.028 — 
446 (HD-7) 10 0.600 0.023 (0.017) 
(FT-2). 10 0.825 _ 
0.009 
18 Cr — 15.5 Mn — 0.5 Ni.............. 10 0.035 _ 
0.54 
0.036 
0.830 
0.025 0.07 (0.024) 
17.6 Cr — 5.6 Mn — 4.4 Ni............. 10 0.048 — 
| 45 0.334 
0.08 0.07 
| 


ferric-ion corrosion product. 


1 Maximum rates obtained before protective coatings are formed on steel and in absence of appreciable 


2 The minimum amount of iron which produces maximum possible inhibition, leaving original bright 


surface unattacked and free of tarnish in 7-hour test. 


Figure in parentheses is next lowest quantity tested, 


which does not give complete inhibition. When no figure is given in parentheses, the single value listed gave 
complete inhibition, and no other amounts of ferric ions were tested. Minimum amount of inhibitor given 
for AISI-304 steel also inhibits other steels the 300 series. 


TABLE 5—Corrosion and Inhibition Stainless Steels Boiling Acetic Acid 


Concentration Uninhibited! Amount Inhibitor? 
of Acid, Corrosion Rate, | for Max. Inhibition, 
STEEL (AISI Designation) % by Weight Inches/Month Grams of Fe/liter 
10 6.009 0.0023 
20 0.025 _ 
| 35 0.022 _ 
50 | 0.016 0.110 (0.074) 
70 0.014 
99.7 0.005 0.018 (0.0035) 
20 0.245 _ 
18 Cr — 15.5 Mn — 0.5 Ni..............] 20 0.000 | _ 
99.7 0.006 
99.7 0.006 0.012 (0.002) 


1 Maximum rates obtained before protective coatings are formed on steel and in absence of appreciable 


ferric-ion corrosion product. 


2 The minimum amount of iron which produces maximum possible inhibition, leaving original bright 


surface unattacked and free of tarnish in 7-hour test. 


Figure in parentheses is next lowest quantity tested, 


which does not give complete inhibition. When no figure is given in parentheses, the single value listed gave 
complete inhibition, and no other amounts of ferric ions were tested. Minimum amount of inhibitor given 
for AISI-304 steel also inhibits other steels of the 300 series. 


3 Specimens are brown. 


stainless steel there some brown tar- 
nishing the inhibited specimens. All 
other stainless steels remain bright 
the seven-hour test. 


This acid produced percent 
technical solution, which may contain 
200 ppm copper and The 
values are generally lower than those 
acetic acid and the corrosion rates are 
correspondingly higher (Table 6). There 
some aging commercial hydroxy- 
acetic acid over period one year. 
After interval one year the rates 
observed were lower than those given 
Table Manganese alloying addi- 
tions contribute effectively corrosion 
resistance hydroxyacetic acid. 

The weight-loss versus time charac- 
teristics stainless steels corroding 


hydroxyacetic acid are similar those 
observed acetic acid. the no- 
solution-change tests, corrosion stops 
one two hours all steels tested 
except some heats AISI-430 stain- 
less steel. Even the solution-change- 
every-hour test, corrosion stops after 
two hours. Therefore, air exposure 
corroded specimen forms protective 
film which prevents corrosion hy- 
droxy-acetic acid, even the absence 
ferric salts. Without air exposure the 
steel continues corrode. 

The addition molybdenum 
Cr-8 effectively suppresses 
attack hydroxyacetic acid; corro- 
sion was observed AISI-316 stainless 
steel. 

Copper, present impurity this 
acid, deposits some specimens when 
they are exposed uninhibited solu- 
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TABLE 6—Corrosion and Inhibition Stainless Steels Boiling 
Hydroxyacetic Acid* 


Concentration Uninhibited! Amount of Inhibitor? 
of Acid, Corrosion Rate, | for Max. Inhibition, 
wEL (AISI Designation) % by Weight Inches/Month Grams of Fe/liter 
0.071 0.115 (0.076) 
70 0.002 —_ 
0.087 


1 Maximum rates obtained before protective coatings are formed on steel and in absence of appreciable 
corrosion product. 
2The minimum amount of iron which produces maximum possible inhibition, leaving original bright 
. face unattacked and free of tarnish in 7-hour test. Figure in parentheses is next lowest quantity tested, 
« ich does not give complete inhibition. When no figure is given in parentheses, the single value listed gave 
© mplete inhibition, and no other amounts of ferric ions were tested. Minimum amount of inhibitor given 
AISI-304 steel also inhibits other steels of the 300 series. 
* The 70 percent commercial acid may contain up to 1 percent formic acid and 200 ppm each of copper 
| iron}, 


TABLE 7—Corrosion and Inhibition Stainless Steels Boiling Sulfuric Acid 


Concentration Uninhibited! Amount of Inhibitor? 
of Acid, Corrosion Rate, | for Max. Inhibition, 


STEEL (AISI Designation) % by Weight Inches/Month Grams of Fe/liter 


1 Maximum rates obtained before protective coatings are formed on steel and in absence of appreciable 
ferric-ion corrosion product. 

2 The minimum amount of iron which produces maximum possible inhibition, leaving original bright 
surface unattacked and free of tarnish in 7-hour test. Figure in parentheses is next lowest quantity tested, 
which does not give complete inhibition. When no figure is given in parentheses, the single value listed gave 
complete inhibition, and no other amounts of ferric ions were tested. Minimum amount of inhibitor given 
for AISI-304 steel also inhibits other steels of the 300 series. 


TABLE and Inhibition Stainless Steels Boiling Sulfamic Acid 


Concentration Uninhibited! Amount of Inhibitor? 
of Acid, Corrosion Rate, | for Max. Inhibition, 

STEEL (AISI Designation) % by Weight Inches/Month Grams of Fe/liter 

0.405 0.12 (0.102) 

2.05 0.42 


1 Maximum rates obtained before protective coatings are formed on steel and in absence of appreciable 
ferric-ion corrosion product. 

2 The minimum amount of iron which produces maximum possible inhibition, leaving original bright 
surface unattacked and free of tarnish in 7-hour test. Figure in parentheses is next lowest quantity tested, 
which does not give complete inhibition. When no figure is given in parentheses, the single value listed gave 
complete inhibition, and no other amounts of ferric ions were tested. Minimum amount of inhibitor given 
AISI-304 steel also inhibits other steels the 300 series. 

3 Rate determined after one hour of immersion. True rate is about 20 times greater because specimen 
s‘opped corroding 3 minutes after immersion. 


iron required for complete inhibition 
are given Table The oxalate and 
nitrate were used add ferric ions. 


ons. When there some corrosion, 
upric ions are reduced the metallic 
tate the surface and may increase 
orrosion galvanic action. ferric- 


solutions there essenti- 
corrosion and, therefore, 
opportunity for the reduc- 
ion copper. The minimum amounts 


Sulfuric Acid This the 
most corrosive the acids investigated. 
The data obtained are given Table 
The rates the chrome-manganese steels 


CORROSION STAINLESS STEELS BOILING ACIDS 


Weight Loss, g./sq. dm in 7 hr. 
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Figure 15—Effect ferric chloride corrosion 
Type 304 steel percent sulfamic acid. 


are only slightly lower than those the 
AISI-430 chromium steel (i.e., manganese 
does not contribute corrosion resist- 
ance.) This agreement with the 
and 


The corrosion rates stainless steels 
sulfuric acid are primarily dependent 
the nickel content the steel. This 
generalization applies all the steels 
used this investigation (Figure 14). 
The rate the 15.5 percent (AISI- 
430) steel the same that the 
24.8 percent (AISI-446) steel (Table 7). 
The well-known effect molybdenum 
reducing corrosion Cr-8 steel 
sulfuric acid shown the ratio 
about between the corrosion rates 
and AISI-316 stainless 
steels. 


The inhibiting action ferric sulfate 
the corrosion stainless steels 
sulfuric acid was reported 1924 
found that the 12-to-14 percent steels 
were surprisingly resistant mine 
waters containing sulfuric acid. Hatfield 
traced this unexepected corrosion resist- 
ance the presence ferric sulfate. 


Sulfamic Acid The 
conversion sulfuric sulfamic acid, 
the substitution amino group for 
hydroxyl group, greatly reduces the 
acidity the acid and its corrosiveness 
stainless steels (compare rates 
Tables and 8). Sulfamic acid readily 
hydrolyzed give ammonium bisulfate. 
For about percent hydro- 
lyzed hour 8.8 percent solution 


The corrosion rates all stainless 
steels sulfamic acid are essentially 
constant with time the solution- 
change-every-hour test. the case 
sulfuric acid and 
the nickel content the steel the 
primary factor determining the corro- 
sion rate (Figure 14). Also, addition 
molybdenum (Type 316 stainless steel) 


the no-solution-change tests there 
gradual decrease corrosion rate 
AISI-304, AISI-430, and AISI-446 
stainless steels with time, which 
caused film formation. There also 
slow conversion ferrous ferric 
ions. solution used for Type 446 stain- 
less steel still corroded the specimen 
after hours immersion. Fresh speci- 
mens immersed after the used solution 
was left standing for and hours 
were corroded. However, after hours 
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TABLE and Inhibition Stainless Steels Boiling Sodium Bisulfate 


Amount of Inhibitor? 
for Max. Inhibition, 
Grams of Fe/liter 


(0.12) 


(0.08) 


Uninhibited! 
Corrosion Rate, 
Inches/Month 


Concentration 
Acid, 
% by Weight 


STEEL (AISI Designation) 


(0.096) 
(0.16) 


(0.23) 


0. 54 (0. 46) 


430 (GP-5) 


446 


18 Cr — ‘Ma — 0.5 N 
15 Cr — 17 Mn 
B-7 


0.65 g. Fe/liter in- 
hibits all Cr— Mn 
=) — Nisteels tested. 
Some are inhibited 
by less than this 
amount. 
17.6 Cr — 5.6 Mn — 4.4 Ni 10 


1 Maximum rates obtained hates protective coatings are formed on steel and in absence of appreciable 
ferric-ion corrosion product. 

2 The minimum amount of iron which produces maximum possible inhibition, leaving original bright 
surface unattacked and free of tarnish in 7-hour test. Figure in parentheses is next lowest quantity tested, 
which does not give complete inhibition. When no figure is given in parentheses, the single value listed gave 
complete inhibition, and no other amounts of ferric ions were tested. Minimum amount of inhibitor given 
for AISI-304 steel also inhibits other steels of the 300 series. 

_ 8 Rate determined after one hour of immersion. However, this steel stops corroding about 5 minutes 
after immersion. Therefore, the true, initial rate is 10 to 20 times greater than that listed. 


Uninhibited! 
Corrosion Rate, 
Inches/Month 


| Source 

of Acid, of 
% by Weight Acid 
85 0.096 


Amount of Inhibitor 
Grams of Fe/Liter 


Steel (AISI Designation) | 
5.6-7.0 (0.76) 
2.76 


15 Cr — 17 Mn — 0.045 


15 Cr — 


17 Mn — 1 Ni 8 3.00 


' No protective films formed. 


2 Residual corrosion rate = 0.007 inch/month. 
tested, which does not give complete inhibition. 


The figure in parentheses is the next lowest quantity 


passivating sulfamic acid within 
relatively short time after initial expo- 
sure corrosion, and the corrosion rate 
based weight-loss determination 
after one hour immersion not 
measure the initial corrosion rate. 
Attention drawn this fact Table 
Also, for this reason, the rate the 
Cr-Mn (0.5 percent Ni) steel has not 
been plotted Figure 14, which the 
effect nickel corrosion sulfamic 
acid illustrated. The behavior this 
steel sodium bisulfate similar. 
The corrosion all steels tested 
sulfamic acid can completely sup- 
pressed the addition ferric salts. 
The specimens remain bright during the 
7-hour test and the weight loss within 
experimental Ferric oxalate, sul- 
fate, and nitrate were used and found 
times the minimum amount ferric 
ions required for inhibition has been 
added the sulfate without impairing 
inhibition. When iron added the 
form ferric chloride there complete 
suppression general corrosion leaving 
the specimens bright, concentrations 
near the minimum amount iron 
required for inhibition. high concen- 
trations, however, there pitting 
The extent pitting in- 
creases with increasing concentration 


there was attack new specimen. 
Therefore, between and 
were required form 0.17 gram/liter 
ferric ions (Table 8), even though 
the solution contained grams iron 
per liter after the initial 7-hour test. 
The Cr-Mn percent 
stops corroding after hours expo- 
sure, but not because accumulation 
ferric ions. fresh specimen exposed 
this solution corrodes. This observa- 
tion and the abrupt cessation corro- 
sion after the third weight-loss 
determination indicate combination 
film formation air exposure 
corroded surface and some ferric ion 
accumulation are responsible. The 
(4.4 percent Ni) steel does not show 
this effect. Its dissolution similar 
character that the Cr-8 steel. 
The behavior the Cr- (0.5 per- 
cent Ni) steel unusual. Even though 
stops corroding after one hour 
immersion, this not related air 
exposure the corroded surface during 
the weighing operation. About 
minutes after immersion the specimen 
all hydrogen evolution stops this 
steel. weight-loss determination made 
after one minute immersion showed 
that one-half the one-hour weight loss 
takes place within the first minute 
Thus, this steel 
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ferric chloride until becomes 
nounced that indistinguishable from 
general corrosion (Figure 

Even though the uninhibited 
rate AISI-304 stainless steel 
percent sulfamic seven times 
than percent solution, the 
iron required for complete 
the more concentrated solution 
less than that required for the per- 
cent solution (Table 8). Inhibition 
iron also effective temperatures 
below boiling. 

The response stainless steels 
oxidizing conditions while corroding 
Cr-Mn percent Ni) steel 
inch/month uninhibited corrosion rate), 
which 1.6 grams hydrogen peroxide 
per liter solution was added. There 
was attack the specimen and 
original, bright finish was unaffected 
hours exposure. 


Sodium Bisulfate (NaHSO,): The 
placement the first hydrogen ion 
sulfuric acid sodium reduces the acidity 
and corrosiveness the resulting 
bisulfate even more than the conversion 
sulfamic acid (Table 9). Increasing the 
concentration sodium bisulfate solution 
leads rapid increases corrosion rate 
(Figure 16). The addition molybdenum 
factor 16. the case sulfuric 
and sulfamic acids the nickel content 
largely determines the corrosion rate 
(Figure 14). 

the no-solution-change tests, Types 
304, 430 stainless steels and the Cr- 
percent Ni) steels corrode the same 
rate the solution-change-every-hour 
test. Type 446 stainless steels 
percent Ni) steel stop corrod- 
ing after hours. The abrupt cessation 
corrosion after weighing, which in- 
volves exposure air, similar the 
behavior these steels oxalic acid 
(Figure 8). fresh specimen corrodes 
when immersed the solution which 
another specimen had 
after two hours exposure. Therefore, 
both air exposure corroded surface 
and some accumulation ferric-ion cor- 
rosion product are involved 
corrosion after hours exposure. 
sulfamic acid, the Cr- (0.5 percent 
Ni) steel passivates itself soon after being 
exposed sodium bisulfate. Addition 
boiling percent solution inhibits all 
attack Type 430 stainless steel during 
7-hour test. 

The amounts iron required for inhi- 
bition increase with increasing concentra- 
tion sodium bisulfate (Table 9). 


Phosphoric Several tests 
using boiling phosphoric acid 
solutions. agreement with previous 
investigations® the action phos- 
phoric acid stainless steels, was 
found that there may great variations 
the uninhibited corrosion rates. the 
present investigation the corrosion rate 
Type 304 (and Cr- per- 
cent Ni)), stainless steel varied 
factor about depending the 
source the phosphoric acid (Table 
10). Previous investigators attributed 
this variation corrosiveness phos- 
phoric acid the presence absence 
small amounts hydrofluoric acid. 

analyses for hydrofluoric acid were 
made the present study. All phos- 
phoric acid used was reagent grade 
ACS specifications. The varia- 


®) The use of ferric chloride should also be 
avoided because of the danger of stres3 
corrosion cracking. 
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CORROSION STAINLESS STEELS BOILING ACIDS 


TABLE 11—Use Copper Sulfate Inhibit Corrosion Stainless Steels Boiling Acids 


Amount of Inhibitor?| 


Conc. of Steel Uninhibited! Residual 
Acid, % AISI Corrosion Rate,| for Max. Inhibition, | Corrosion Rate 
ACID by Weight H Desig. | Inches/Month Grams of Cu/liter Inches/Month 
10 430 0.476 0.85 0.004 
Ss dium Bisulfate 10 304 0.232 0.39 (0.19) 0.002 
10 15 Cr — 17 2.5 0.12 (0.08) 0.0002 
Mn — 1 Ni 
430 7.6 0.77 0.0003 
ee 90 304 0.088 0.038 0.001 
99.7 304 0.005 0.038% 0.001 
304 5.65 1.14 (0.38) 0.007 
85 15 Cr — 17 3.00 1.9 (1.1) 0.047 


rrosion product in the solution. 


CuSO+s-5H20. 


1 Maximum rates obtained before protective coatings are formed on steel and in absence of ferric-ion 


2 Amount of inhibitor shown gave maximum possible inhibition. Figure in parentheses is next lowest 
‘antity tested, which does not give complete inhibition. When no figure is given in parenthesis, the single 
lue listed gave inhibition. No other amounts of cupric ions were tested. All copper was added in the form 


3 This amount exceeds solubility of copper sulfate in boiling glacial acetic acid. 


TABLE 12—The Influence Corrosion Manganese Stainless Steel 


Composition Stainless Steels 


AISI-304 (GR-3)... 


Chrome-Manganese Steels: 


18.29 10.50 1.36 
18.01 0.49 15.50 
15.01 1.00 


Corrosion Rates, Inches/Month in Boiling Solution! 


Cr — Mn Steels 


0.047 0.476 1.16 1.29 0.068 
1.35 21.0 16.5 12.2 4.0 
0.163 12.0 4.95 0.865 

0.232 7.60 2.5 0.432 

Standard Nitric Acid? Test 

0.00059 0.00460 0.00218 0.00285 0.00124 


1 Maximum rates obtained before protective films formed on the steel and in absence of ferric-ion corro- 


sion product in the solution. 
2 In 20 percent acid. 


3 The nitric acid corrosion rates are due to general, not intergranular corrosion. 
* The true, initial rate of this steel is equal to or greater than that of the 15 percent Cr steel. There is 
complete self-passivation after about 5 minutes of immersion. 


tions hydrofluoric acid content de- 
pend the process used make the 
acid. The impurity content acid made 
the thermal process known 
lower than that acid made the wet 
However, even the electric fur- 
nace acid contains some hydrofluoric 
acid, 0.024 percent fluorine, according 
typical analysis.” 

The addition ferric oxalate greatly 
reduces attack, even the most corro- 
sive the two varieties phosphoric 
acid used. However, was not possible 
eliminate all corrosion with ferric 
ions. the degree 
inhibition the corrosion rate Type 
stainless steel boiling percent 
acid about 0.007 
nch/month. The corresponding unin- 
rate 5.65 inch/month. rela- 
ively large quantity iron, 1.15 grams/ 
iter, required produce inhibition 
corrosive variety phosphoric 


Use Other Cations 


Cupric: Copper sulfate has been used 
Kiefer and and 
inhibit corrosion sulfuric 


acid stainless steels, and Ebling 
and inhibit attack phos- 
phoric acid. compare the effective- 
ness cupric ions with that ferric 
ions, tests were made six different 
acids. some cases the minimum 
amount copper giving maximum 
possible inhibition was determined. The 
results are listed Table 11. The 
residual corrosion rates listed 
table for inhibited specimens indicate 
that, even when the solution contains 
the minimum amount copper giving 
the maximum possible inhibition, there 
always appreciable amount cor- 
rosion. The residual corrosion usually 
increases when more copper added 
than the minimum amount required for 
inhibition. This behavior contrast 
that ferric salts, which may 
added large excess quantities without 
affecting their inhibiting 
When cupric ions are used inhib- 
itors there frequently some deposi- 
tion metallic copper the surface 


It is assumed that the anion of the ferric 
salt does not offset the inhibiting properties 
of the ferric ions. 


Corrosion Rote, in./mo. 


0 
0 10 
Concentration of Sodium Bisulfate in Weight Per Cent 


fate corrosion 304 steel boiling 
solution. 


stainless steels, deposit periodically 
forms and dissolves during the test and 
especially pronounced solutions 
containing excess cupric ions. The lack 
reproducibility inhibited (residual) 
corrosion rates probably caused 
this deposit. Thus, copper salts cannot 
considered equivalent ferric salts 
for inhibition acid attack stainless 
steels. The metallic copper deposit form- 
ing from such solutions causes corrosion 
and may interfere with moving parts. 


Ceric and Stannic: Other readily reduc- 
ible ions were also tested. Ceric sulfate 
and bisulfate and stannic sulfate were 
added boiling, percent sodium bi- 
sulfate solutions which Type 304 
stainless steel was exposed. every 
case heavy coating was formed which 
produced weight gain during the first 
hour exposure and thereafter. 


With Straight-Chromium Steels 
And With Cr-8 Steels 


The chrome-managanese-nickel steels 
were developed the steel industry 
conserve nickel during periods short- 
age this Nickel, when 
added ferritic chromium steels, 
greatly increases their 
sistance and also produces austenitic 
structure, whose cold-forming properties 
are superior those ferrite. order 
maintain the preferred, austenitic 
structure these steels when the nickel 
content reduced, manganese added. 
This element weaker austenite 
former than nickel, and, therefore, 
sometimes added quantities equal 
double the amount nickel replaced. 
The austenitic structure the chrome- 
manganese steels further promoted 
increasing the nitrogen content 
factor about ten, give 0.15-0.20 
percent and keeping the chro- 
mium content down low 
percent. 

assessing the corrosion properties 
the chrome-manganese Steels, the 
main question whether they behave 
essentially like the corresponding 
straight-chrome steel whether their 
corrosion resistance similar that 
resistance, manganese, when used 
double the amount nickel replaced, 
equivalent nickel increasing the 
corrosion resistance chromium steel? 
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Electrode 


Current 


Figure 17—Potential-current relationships in elec- 
trochemical corrosion. 


For comparison, the corrosion rates 
the three chrome-manganese steels used 
this investigation have been listed 
Table 12, together with the rates for the 
Cr-8 (AISI-304) and the per- 
cent (AISI-430) steels. Even though 
the compositions these heats not 
represent systematic variations Cr, 
Mn, Ni, some conclusions are possible 
the role manganese compared 
with nickel. 


should noted (Table 12) that the 
Cr-Mn steel with 0.5 percent has 
about the same chromium content 
the 18Cr-8Ni steel, and that the 
percent steel has somewhat lower 
chromium content (15 percent), which 
similar that the straight chro- 
mium steel (AISI-430). Thus, Cr- 
steel containing 0.5 percent gives the 
best comparison with the 
steel the effect nickel replacement 
manganese, and the steel 
containing percent may used 
determine the influence manganese 
additions the percent steel. The 
results obtained the steel 
containing 4.4 percent can used 
check the trends indicated these 
comparisons. 


Oxalic Acid: Additions manganese 
accelerate corrosion. This demon- 
strated three ways: (a) Replacement 
ganese give the 0.5 steel increases 
corrosion, (b) Addition manganese 
percent steel (AISI-430 stain- 
less steel) give the percent steel 
increases corrosion, and (c) Replacing 
part the manganese with nickel 
the 4.4 percent steel again reduces 
corrosion almost the same rate 
that Type 304 stainless steel. 


Formic Acid: Additions man- 
ganese (in amounts equal double the 
nickel replaced) result corrosion 
resistance equivalent that obtained 
with nickel additions. The rate the 
Cr-Mn steel containing 0.5 percent 
actually slightly less than that the 
composition and both are 
much lower than the straight chrome 
steel. Further confirmation given 
the low rate the Cr- steel con- 
taining 4.4 percent 


Acetic and Hydroxyacetic Acids: 
Manganese additions (in double the 
amount nickel replaced) produce 
greater corrosion resistance these 
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TABLE Alloying Elements Corrosion Stainless Steels Boiling 


RATIO RATES 


Acid 10 Percent by Weight 


Acetic 
Hydroxyacetic 
Sulfuric 


Sulfamic 


Chromium 


Nickel Molybdenum Manganese 


11 0.4 


Method of Determining Ratios: 


Rate AISI-430 AISI-430 AISI-304 


Chromium: ———————- Nickel: 


Molybdenum: 


Rate AISI-446 AISI-304 AISI-316 


AISI-430 
Manganese: 


1 No corrosion on steel whose rate was used in denominator. 
2 Ratio near “1."" Rate could not be determined because of rapid self-passivation of the Cr-Mn Steel 


(0.5 percent Ni). 
3 45 percent acid. 
* 50 percent acid. 


acids than nickel additions chro- 
mium steel. 

Even though the corrosion rate 
Type 304 stainless steel relatively low 
these two acids, the rates all the 
chrome-manganese steels tested are defi- 
nitely lower. 


Sulfuric Acid, Sulfamic Acid, and 
Sodium Bisulfate: The corrosion stain- 
less steels these three acids 
essentially independent the man- 
ganese content the steels. Variations 
chromium content within the ranges 
represented the steels used also have 
effect the corrosion rate. This 
apparent from comparison the rates 
the percent (Type 430) and 
percent (Type 446) steels. Corrosion 
these acids primarily function 
the nickel content. There rapid de- 
crease corrosion rate the nickel 
content increased 4.4 
Further increases nickel content also 
lower the corrosion rate, but con- 
siderably lesser extent. Therefore, 
these three acid solutions manganese 
alloying additions not contribute 
corrosion resistance. 


Summary: the 4.4 percent steel 
the combined austenitizing properties 
nickel and manganese are sufficient 
permit the use about percent Cr, 
while the same time maintaining 
completely austenitic structure. men- 
tioned above, the first 4.4 percent are 
most effective reducing corrosion 
sulfuric acid and its derivatives. Further 
additions nickel are much less effec- 
tive. Also, was found that some 
solutions manganese actually more 
effective than nickel increasing cor- 
rosion Thus, the compo- 
sitions evaluated the percent 5.6 
percent Mn-4.4 percent steel 
represents kind optimum composi- 
tion which maximum advantage 
taken these three alloying elements, 


@) The corrosion rates of the Cr- Mn steel 
containing 0.5 percent Ni in sulfamie acid 
and sodium bisulfate have not been plotted 
in Figure 14 or listed in Table 12 because 
this steel is self-passivating in these solu- 
tions after about 5 minutes of immersion. 
Most of the corrosion takes place within 
the first minute of immersion. 


(@) Even in the acid (oxalic) in which man- 
ganese alloying additions increased corrosion, 
the rate of the 4.4 percent Ni steel is 
equivalent to that of the 18 Cr - 8 Ni 
steel. 


both from the metallurgical and the cor- 
rosion resistance standpoint. Not only 
the corrosion rates this steel, but also 
the characteristics the weight- loss 
versus time curves are more like those 
those the other two Cr- steels 
investigated. 


Discussion Results 


Influence Concentration Acid 
Corrosion Rates: The rates anodic and 
cathodic polarization (slopes the po- 
tential-current lines Figure 17) deter- 
mine the corrosion current which 
measure the corrosion rate (i.e., weight 
loss per unit time). The maximum, 
theoretical corrosion current the current 
(Ir) the intersection the polarization 
lines. This maximum current never 
reached because there always some re- 
sistance (IR drop) current flow the 
corroding solution. The actual corrosion 
current, is, therefore, less than indi- 
cated Figure 17. 

apparent, even from this simplified 
picture the corrosion process, that 
changes concentration, temperature and 

various positive and negative ions the 

corroding solution may influence the 
course corrosion very complex 
manner. For example, increasing the con- 
centration acid decreases the pH, 
may increase the solubility anodic 
films (make them thinner), and may de- 
crease increase the specific conduc- 
tance the solution. 

The effect the corrosion rate in- 
creasing the concentration the acid has 
not been investigated for all acids used. 
However, those cases for which 
cent data were obtained, two types 
response were observed. one type, in- 
creasing acid concentration increases the 
rate corrosion stainless steel. Corro- 
sion AISI-304 steel sodium bisulfate 
(Figure 16) this type. The second 
type response increasing acid con- 
centration the data ob- 
tained steel acetic acid 
(Figure 12). The rate corrosion in- 
creases rapidly the concentration 
increased about percent. When the 
concentration increased further, the 
corrosion rate decreases. Less extensive 
data obtained formic acid (Table 
all three types stainless steels used 
this investigation also indicate such 
maximum corrosion rate the con- 
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centration the acid increased. Since 
the all acids decreases with in- 
creasing concentration, cannot the 
primary factor which determines the cor- 
rate both types acid. 


more significant variable the spe- 
conductance. shown Figure 12, 
this property acetic acid increases 
maximum about the same concentration 
acetic acid the corrosion rate 
The values specific 
plotted this figure were ob- 
from the Corrosion 
acid appears also dependent 
the specific conductance the acid, 
out though the con- 
which the corrosion rate 
maximum this acid was not deter- 
precisely, the data all three types 
stainless steels 10, 45, and per- 
the corrosion rate. 


The coincidence corrosion rate and 
conductance maxima these two 
aids raises the question the variation 
specific conductance with concentra- 
tion those acids which the corrosion 
stainless steels increase continu- 
with increasing acid concentration. 
data the specific conductance 
bisulfate were found the litera- 
ture. However, the specific conductance 
potassium bisulfate increases continu- 
ously with increasing 
does the corrosion rate 
fate. Available data (C. Pfitzer Co.) indi- 
cate that the specific conductance 
acid solutions increases de- 

creasing rate, does the corrosion 
rate, Figure Thus, the primary factor 
determining changes corrosion rates 
with increasing concentration acid ap- 
pears the specific conductance the 
This also implies that there little 
effect increasing acid concentra- 
tion anodic and cathodic polarization 
these ranges acid concentration. 


Influence Alloying Elements 


the Uninhibited Corrosion Rate: 
interest establish the contri- 
bution corrosion resistance made 
each the principal alloying elements 
(chromium, nickel, molybdenum, and 
manganese). The influence man- 
ganese, already discussed above, de- 
pends the acid which the steel 
This also has been found 
the case for the other three elements. 
order determine the influence 
corrosion given element the ratio 
corrosion rates two steels given 
acid has been used. Thus, obtain 
measure the effect chromium 
the range percent, the cor- 
rosion rate AISI-430 (15 percent Cr) 
steel was divided the rate AISI- 
446 (24 percent Cr) steel. Ratios are 
given Table for each the four 
elements seven acids. Where more 
than one rate was available for given 
type steel the combination rates 
giving the lowest ratio was used. 


apparent (Table 13) that, except 
acetic and hydroxyacetic acid, in- 
creasing the chromium content from 
percent does not increase cor- 
rosion resistance. This, however, does 
mean that increasing the chromium 
this range plays part 
alloys. known that the first 


) The specific conductance has also been found 
to be the determining factor in the corro- 
sion of aluminum in sodium hydroxide solu- 
tions of various concentrations, 


imparting corrosion resistance. Also, 
the present investigation was shown 
that increasing the chromium content, 
even though may not increase cor- 
rosion resistance, does reduce the mini- 
mum amount ferric ions required for 
inhibition, the additional chromium 
increase the response passivation 
some ways.™) Nickel, well mo- 
lybdenum, alloying additions are effec- 
tive reducing corrosion stainless 
steels all acids investigated, especially 
sulfuric acid and its derivatives. 
Manganese increases the corrosion re- 
sistance formic, acetic, and hydro- 
xyacetic acids, contributes resistance 
corrosion sulfuric acid and its de- 
rivatives, and slightly increases corrosion 
oxalic acid. 

The addition alloying elements 
metals increase corrosion resistance 
may discussed terms the po- 
tential-current diagram Figure 17. 
The corrosion current may de- 
creased by: (a) Reducing the difference 
open circuit potentials the local 
anodes (A) and cathodes (C), and (b) 
increasing anodic and cathodic po- 
larization. these factors the changes 
anodic polarization (produced al- 
loying elements) are probably great- 
est importance. The addition al- 
loying element metal may decrease 
the solubility the film formed between 
the metallic corrosion products and the 
anions the corroding solution. the 
new film more adherent 
permeable than that formed the pure 
metal, the corrosion resistance will 
increased. 


The action protective films most 
readily observed when the films are 
formed relatively slowly. Thus, sul- 
famic acid and sodium bisulfate 
completely protective film forms the 
Cr-Mn (0.5 percent Ni) steel about 
minutes. some cases complete 
self-passivation does not take place; 
the film only partially protective 
(AISI-304 steel sulfamic oxalic 
acid). others, air exposure cor- 
roded surface, aeration the solution, 
the addition oxidizing agent, 
such sodium nitrate, are required 
produce completely protective film. 
Films formed within seconds after im- 
mersion are probably equal import- 
ance, but cannot studied the tech- 
niques used this investigation. 


the Minimum Amount Ferric 
Ions Required for Inhibition: From 
examination the data Tables 
relation between the uninhibited corro- 


sion rates and the minimum amount 
ferric ions required for inhibition. For 
example, increasing the concentration 
sulfamic acid increases the corrosion 
rates but decreases the minimum amount 
ferric ions required for inhibition 
(Table 8). oxalic acid the minimum 
amount ferric ions required for in- 
hibition greater percent acid 
than percent, even though the un- 
inhibited corrosion rates are increased 
this range concentration (Table 3). 
formic and acetic acids and sodium 
bisulfate the minimum amount ferric 
ions required for inhibition varies with 
the corrosion rate the concentrations 


(3) There is a further possibility that increas- 
ing the chromium content may enhance the 
passivating action of some of the other 
alloying elements. 


CORROSION STAINLESS STEELS BOILING ACIDS 


these acids are increased, But even 
these last three acids there rela- 
tion between the uninhibited corrosion 
rates different stainless steels and the 
minimum amount ferric ions required 
for inhibition. 

clue the factor determining the 
amount inhibitor required for various 
stainless steels given the data 
the straight chromium steels corroding 
oxalic acid (Table 3). Even though 
there relatively little change the un- 
inhibited corrosion rate the chromium 
the minimum amount ferric ions re- 
quired for inhibition decreases. 


When the data amounts ferric 
ions required for inhibition corrosion 
oxalic acid are plotted against the 
alloy content the steel, shown 
Figure 18, seen that all alloying 
elements influence the minimum amount 
contribute the response the 
steel passivation™). Even manganese, 
which increases the uninhibited corro- 
sion rate stainless steels oxalic 
acid, decreases the minimum amount 
ferric ions required for inhibition. Thus, 
for the 17.2 percent steel per- 
cent oxalic acid, 0.16 gram/liter ferric 
ions are required, while for the Cr-Mn 
steel containing 0.5 percent only 
0.046 gram/liter are required, even 
though its corrosion rate about two 
times greater than that the 16.2 per- 
cent steel (Table 3). 


The data minimum amounts 
ferric ions required the other acids 
are not extensive those determined 
for oxalic acid. But all the data obtained 
these other acids are agreement 
with the trend found oxalic acid. This 
most readily apparent from compari- 
son the percent and percent 
steels. sodium bisulfate and sul- 
furic acid these two steels have essen- 
tially the same rate, but the minimum 
amounts ferric ions required for in- 
hibition are definitely less for the 
percent than for the percent 
steel. 

The minimum amount ferric ions 
required for inhibition given stain- 
less steel may considered measure 
its ability respond passivation 
(i.e., its ability form protective films). 
the conditions for the formation 
stable, protective films are absent, two 
stainless steels different alloy content 
may have the same corrosion rate. How- 
ever, when corrosion conditions are only 
slightly changed additions ferric 
ions, air exposure the corroded 
surfaces, the steel with the higher alloy 
content can respond more effectively 
than that with the lower alloy content. 


The Action Ferric Ions: 

Even though systematic experi- 
ments were made the present investi- 
gation elucidate the mechanism 
ferric-ion inhibition, the data described 
above, together with those given pre- 
viously: published studies, permit some 
interpretation terms the corrosion 
theory discussed connection with Fig- 
ure 17. Briefly, the mechanism 
hibition which consideration these 
data has led that ferric ions cause very 
rapid protective film formation anodic 
areas. 


44) The atomic weights of Cr, Ni, and Mn are 
52, 59, and 55, respectively. Therefore, a 
plot of atomic percent in place of weight 
percent in Figure 18 results in a similar 
distribution of points as that given in this 
figure, 
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Ferric lona, 


s, 


Cr + Mi + % Mn, in weight per cent 


Figure 18—Minimum amount of ferric ions required 

for maximum inhibition percent boiling oxalic 

acid function alloy content stainless 
Steels. 


There considerable that 
the reduction ferric ferrous ions 
involved the inhibiting process. 


Fe**t eo Fe** 


This reduction reaction takes place 
cathodic areas the metal surface, 
along with the discharge hydrogen 
ions. Thus, the rate which electrons 
are removed from the cathodic areas 
greatly increased (cathodic depolariza- 
tion) and, result, there corre- 
sponding increase the rate the 
anodic reaction (i.e., the dissolution 
the metal pores the protective film 
and consequent anodic polarization), The 
relatively large amounts metal ions 
produced the anodic areas then make 
possible the rapid pro- 
mum concentrations ferric ions re- 
quired for any inhibition indicate that 
the anodic films must formed 
certain minimum rate before they can 
protective. Film formation probably 
takes place fractions second 
that the actual amount metal dis- 
solved small that the appearance 
the surface unaffected (i.e., retains 
its original brightness). 

The combination cathodic depolari- 
zation and anodic polarizaton would 
expected result change po- 
tential the cathodic direction cor- 
roding stainless steel when ferric ions 
are added the acid. Such change 
potential the cathodic direction has 
been observed Uhlig and 
stainless steel exposed 
sulfuric acid which ferric ions had 
been added. 

The very small weight losses always 
detected inhibited steels 
microscopic evidence very gradual at- 


© This evidence includes the formation of 
metallic copper in solutions in which 
cupric salts are used for inhibition, and 
the fact that ferrous ions have no inhibit- 
ing action. 


®» When no such protective film is formed, 
increasing amounts of ferric ions result in 
corresponding increases in corrosion rate. 
This has been observed by H. C. Gatos'5 in 
the case of plain carbon steel corroding in 
sulfuric, hydrochloric, and acetic acid, There 
is also acceleration of corrosion on some 
stainless steels when less than the minimum 
amount of ferric ions necessary for inhibi- 
tion is added (See Figure 5, AISI 446), 


H. H. Uhlig and associates’ have at- 
tributed this change in electrode potential 
to adsorption of ferric ions because the 
Langmuir isotherm was found to apply to 
the initial changes in potential produced 
by changes in ferric-ion concentration. 


tack observed during the long-time 
(2400 hour) tests suggest that the inhibi- 
tive process dynamic. There ap- 
parently continuous 
pair the surface exposed inhibited 
solution. Any penetration the protec- 
tive film immediately leads surge 
anodic reaction products. From these 
new film formed which heals the 
break. the surge anodic corrosion 
caused the reduction ferric ions 
cathodic areas, there consumption 
these ions. This conversion ferric 
ferrous ions difficult detect be- 
cause relatively small amount 
the relatively dilute acids used. ad- 
dition continuously offset the 
conversion ferrous ferric ions, 
which has been observed all the acids 
investigated. However, experimental 
evidence for the consumption ferric 
ions has been obtained boiling per- 
cent sulfuric acid containing Cr—8 
stainless The amount ferric 
ions consumed was found electro- 
chemically equivalent the weight 
stainless steel dissolved. 

This continual oxidation ferrous 
ferric ions indicates that oxygen ac- 
tive the eight acids studied, even 
boiling solutions, and also available 
for the formation protective oxide- 
type films, Any increase oxygen con- 
centration, such produced aeration 
the solution air exposure cor- 
roded surface, sufficient reduce cor- 
rosion some cases. Protective film 
formation may, therefore, promoted 
two ways: (a) rapidly producing 
relatively large quantity metal cat- 
ions (Fe, Cr, Ni, and Mn) 
anodic areas made possible re- 
duction ferric ferrous ions ca- 
thodic areas, and (b) increasing the 
concentration oxygen oxidants. 
The simultaneous action these two 
factors illustrated the behavior, de- 
scribed above, the Cr—-Mn steel con- 
taining percent corroding oxalic 
acid. The amount ferric ions required 
for inhibition much less for steel 
which contains adsorbed oxygen 
oxide 

The data the effect chloride ions 
inhibited acid solutions also support 
the existence protective films. Chlo- 
ride ions are known effective 
breaking down the protective action 
passive films.” was found the pres- 
ent investigation that the depassivating 
action small amounts chloride ions 
resisted ferric-ion-inhibited acids, 
but that larger quantities chloride ions 
offset the inhibiting properties ferric 
ions. There pitting corrosion, which 
becomes extensive the concentra- 
tion chloride ions increased that 
turns into general attack 

the preceding discussion as- 
sumed that the main function ferric 
ions inhibiting corrosion stainless 
steel acids provide for the rapid 
removal electrons cathodic areas, 
which, turn, makes possible the rapid 
formation metal ions and protective 
film. this the case, should 
possible inhibit attack removing 
electrons from the corroding metal 
making anodic with external source 
emf and auxiliary (cathodic) elec- 
This type experiment has been 
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sulfuric acid. They found that corrosicn 
the stainless steel could 
anodically polarize the 
The potential which the steel had 
furic acid was less than that 
for evolution oxygen gas. 

The ferric ion not the only ion 
which produces inhibition 
steel corrosion. Data three 
easily reducible ions (cupric, ceric, aid 
stannic) have been summarized abo: 
All three these ions inhibit attack 
stainless steels, but every case there 
are additional side reactions. Cupric 
may completely reduced the me- 
tallic state producing copper deposit 
the stainless steel. the presence 
ceric and stannic ions relatively heavy, 
gray coatings are formed which obscure 
the original finish. Therefore, ferric ions 
are unique producing effective inhibi- 
tion combined with preservation the 
bright surface finish. This indicates that 
they not only are effective electron ac- 
ceptors, but also that they, and the fer- 
rous ions formed, not interfere with 
the transparent anodic 
films, and perhaps even assist the 
growth these protective films. the 
use radioactive ferric salt 
has shown that some dis- 
solved iron goes into the protective 
film. 
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Inter Society Corrosion Committee 
Glossary Corrosion Terms 


Submitted the Subcommittee Standard Definitions 
And Terminology* the 1957 Meeting ISCC St. Louis, Mo. 


AGGRESSIVE CARBON 
DIOXIDE 
Free carbon dioxide excess the 
amount necessary prevent pre- 
cipitation calcium calcium 
carbonate. 


CATHODIC PROTECTION 


Reduction prevention corro- 
sion making metal the cathode 
conducting medium means 
direct electric current [which 
either impressed galvanic].*** 


CAUSTIC EMBRITTLEMENT 


Stress-corrosion cracking alka- 
line 


CAVITATION DAMAGE 


Deterioration caused formation 
and collapse cavities liquid. 


CHALKING 


The development loose remov- 
able powder just beneath 
coating 


6.** CHEMICAL CONVERSION 
COATING 
protective decorative coating 
produced situ chemical re- 
action metal with chosen 
environment. 


CONCENTRATION 
POLARIZATION 


That portion the polarization 
electrode produced concen- 
tration changes the metal-en- 
vironment interface. 


CONTACT CORROSION 


See the preferred term CREVICE 
CORROSION. 


CORROSION FATIGUE 


Reduction fatigue life corro- 
sive environment. 


10** CORROSION FATIGUE LIMIT 


The maximum repeated stress en- 
dured metal without failure 


* A, de S. Brasunas, chairman, Members are 
H. C. Gatos, H. P. Godard, J. J. Harwood, 
R. A. Powers, Milton Stern, A. W, Tracy 
and N. Hackerman (ex officio). 


** Definition taken verbatim from Corrosion 
Handbook (H. H. Uhlig, editor), John 
Wiley and Sons, New York, 1948, 

** Portions shown within brackets [ ] are not 
required for the definition and may be de- 
leted; they have been added to make the 
definition more easily understood. 


Abstract 
Definitions are given for some 53 com- 
monly used corrosion terms. For cer- 
tain terms, supplementary wording is 
included to make the definition more 
easily understood. 1.7.3 


stated number stress applica- 
tions under defined conditions 
corrosion and stressing. 


CREVICE CORROSION 


Localized corrosion result 
the formation crevice between 
tween two metal surfaces. 


DEPOLARIZATION 


Reduction elimination polar- 
ization physical means 
change environment. 


13. DEPOSIT ATTACK 
(DEPOSITION CORROSION) 


Pitting corrosion resulting from 
deposits metallic surface. 


14. DRAINAGE 
Conduction current (positive 
electricity) from underground 
metallic structure means 
metallic conductor. 


ELECTROLYTIC CLEANING 


The process degreasing de- 
electrode suitable bath. 


EMBRITTLEMENT 


Severe loss ductility metal 
alloy. 


ENDURANCE LIMIT 


The maximum stress metal can 
withstand without failure during 
specified large number (usually 
million) cycles stress. 


18. EROSION 

Deterioration the abrasive ac- 
tion fluids, usually accelerated 
the presence solid particles 
matter suspension. When de- 
terioration further increased 
corrosion, the term erosion-corro- 
sion often used. 


19. FATIGUE 
The tendency for metal frac- 
ture brittle manner under con- 
ditions repeated cyclic stressing 
stress levels below its tensile 
strength. 


20. 


21. 


22. 


25. 


26. 


27. 


28. 


29. 


30. 


FILIFORM CORROSION 
CORRO- 


FRETTING 


Deterioration resulting from repeti- 
tive slip the interface between 
two surfaces. When deterioration 
further increased corrosion, the 
term fretting-corrosion used. 


GALVANIC CELL 


cell which chemical change 
the source electric energy. 
usually consists two dissimilar 
conductors contact with each 
other and with electrolyte, 
two similar conductors contact 
with each other and with dissimilar 
electrolytes. 


GALVANIC SERIES 


list metals and alloys ar- 
ranged according their relative 
potentials given environment. 


HYDROGEN OVERVOLTAGE 


Overvoltage associated with the 
liberation hydrogen gas. 


IMPINGEMENT ATTACK 


Localized erosion-corrosion result- 
ing from turbulent impinging 
flow liquids. 


INTERDENDRITIC 
CORROSION 

Corrosive attack which progresses 
preferentially along interdendritic 
paths. [This type attack results 
trom local differences composi- 


INTERGRANULAR 
CORROSION 


Corrosion which occurs preferen- 
tially grain boundaries. 


INTERNAL OXIDATION 


See Subsurface Corrosion, 


LOCAL ACTION 

Corrosion due the action 
resulting from inhomogeneities be- 
tween adjacent areas metal 
surface exposed electrolyte. 


LOCAL CELL 


galvanic cell resulting from in- 
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metal surface electrolyte. The 
inhomogeneities may physical 
chemical nature either the 
metal its environment. 


31.** LONG-LINE CURRENT 


Current (positive electricity) flow- 
ing through the earth from 
anodic cathodic area which 
returns along underground me- 
tallic structure. Usually used only 
where the areas are separated 
considerable distance and where the 
current results from concentration 
cell action. 


MILL SCALE 


The heavy oxide layer formed dur- 
ing hot fabrication heat treat- 
ment metals. [Especially ap- 
plied iron and 


NOBLE POTENTIAL 


potential substantially cathodic 
the standard hydrogen potential. 


OVERVOLTAGE 
The displacement electrode 
potential from its equilibrium (re- 


versible) value because flow 
current. 


35.** PARTING 


The selective corrosion one 
more components solid solu- 
tion alloy. 


36.** PARTING LIMIT 


The maximum concentration 
more noble component alloy, 
above which parting does not occur 
within specific environment. 


PASSIVATION 

The process processes (physical 
metal becomes passive. 


** Definition taken verbatim from Corrosion 
Handbook (H. Uhlig, editor), John 
Wiley and Sons, New York, 1948. 

*** Portions shown within brackets [ ] are not 
required for the definition and may be de- 
leted; they have been added to make the 
definition more easily understood. 


38.** PATINA 


green coating consisting princi- 
pally basic sulfate and occasion- 
ally containing small amounts 
carbonate chloride, which forms 
the surface copper copper 
alloys exposed the atmosphere 


long time. 


39.** PICKLE 


40. 


solution process used loosen 
remove corrosion products such 
scale and tarnish from metal. 


PITTING 


Localized corrosion taking the 
form cavities the surface. 


41.** PITTING FACTOR 


42. 


The depth the deepest pit re- 
sulting from corrosion divided 
the average penetration 
lated from weight loss. 


POLARIZATION 

The displacement electrode po- 
tential resulting from the effects 
current flow, measured with respect 
either equilibrium (reversible) 
steady state potentials. 


SACRIFICIAL PROTECTION 


Reduction prevention corro- 
acting electrolyte coupling 
another metal which elec- 
trochemically more active that 
particular electrolyte. 


SCALING 


The formation high tempera- 

tures thick corrosion product 
layer(s) metal surface. 
The deposition water-insoluble 
constituents metal surface 
(as-on the interior water 
boilers). 


SEASON CRACKING 


Cracking resulting from the com- 
bined effect corrosion and 
ternal stress. term usually applied 
cracking 
brass. 
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46.** SLUSH COMPOUND 


non-drying oil, grease, similar 
organic compound which, 
coated over metal, affords least 
temporary protection against ccr- 
rosion. 


STANDARD POTENTIAL 
(STANDARD ELECTRODE 

The reversible potential for elec- 
trode process when all products 
reactants are unit activity 
scale which the potential for 
standard hydrogen half-cell 


48.** STRAY CURRENT 


CORROSION 

Corrosion caused curreit 
through paths other than the in- 
tended circuit any extraneous 
current the earth. 


STRESS CORROSION 
CRACKING 

Spontaneous cracking produced 
the combined action corrosion 
and static stress (residual ap- 


plied). 
SUBSURFACE CORROSION 


Formation isolated particles 
corrosion product(s) beneath the 
metal surface, This results from the 
preferential reaction certain alloy 
constituents inward diffusion 
oxygen, nitrogen, sulfur, etc. (In- 
ternal oxidation). 


TARNISH 

caused formation thin film 
corrosion product. 


52.** TUBERCULATION 


The formation localized corro- 
sion products scattered over the 
surface the form knoblike 
mounds. 


UNDERFILM CORROSION 
Corrosion which occurs under films 
the form randomly distributed 
hairlines (filiform corrosion). 
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Corrosion Metals Tropical Environments* 


Introduction 

1940 plans were ac- 
tive preparation expand the fa- 
ities the Panama Canal con- 
third set locks. Although 
available the corrosion rates 
metals marine environments tem- 
climates, was apparent almost 
that little quanitative 
existed relating these rates 
those that might expected the 
tropics. The magnitude the proposed 
construction appeared warrant the in- 
lish reliable corrosion rate data the 
exact environments which the metals 
would function. 


Accordingly, general corrosion investi- 
gation was initiated ensure the specifi- 
cation optimum construction metals 
the the proposed locks. 
program was designed which 
included the immersion the selected 
metals sea, brackish, and fresh water 
for periods one, three, and five years. 
The relatively short duration these 
tests was dictated the urgent need for 
the data. was evident from the results 
the 1941-46 program’ that insufficient 
had been included and 
riods exposure were too brief yield 
results desired significance. 

During this interval, the construction 
the third set locks was postponed 
because World War II. Therefore, with 
more time available second program was 
undertaken which included duplicate speci- 
mens, additional metal alloys, and expo- 
sure five tropical 
sisting marine atmosphere, inland at- 
mosphere, fresh water immersion, and 
and mean tide sea water expo- 
sure. sufficient number samples 
the metals were exposed each site 
that duplicates each could removed 
from the several locations the end 
one, two, four, eight, and sixteen years 
complete examination. The eight-year 
specimens were removed the summer 
1955 and thus the fourth point provided 
time-corrosion curves being prepared 
tor each metal for each exposure condi- 
tion. The present discussion concerned 
with the corrosion rates six metals se- 
from the total program consisting 
approximately metals alloys. 


* Submitted for publication January 31, 1957. 
A paper presented at the Thirteenth An- 
nual Conference, National Association of 
Corrosion Engineers, St. Louis, Mo., March 
11-15, 1957. 


U. S. Naval Research Laboratory, Washing- 
ton 25, D. C. 


* Deceased. 


Present address: Phillips Petroleum Co., 
Bartlesville, Oklahoma, 


Abstract 


extensive investigation has been 
progress since 1940 the Panama Canal 
Zone study the corrosion rates and 
characteristics fifty different metals 
and alloys exposed to five natural tropi- 
cal environments for periods of one, 
two, four, eight, and sixteen years. Up 
to the present, specimens through the 
eight year period have been removed 
and examined. The report describes the 
corrosion rate aluminum, lead, nickel 
zinc, and copper along with structural 
steel. Corrosion data for these metals as 
observed in the five environments have 
been obtained from weight loss and pit- 
ting measurements, visual inspection 
and physical property studies. Corrosion 
rates for these metals the tropics are 
related corrosion rates previously 
reported for these metals temperate 
latitudes. 2.2.2 


The methods employed are described and 
special attention devoted compari- 
son corrosion rates the six metals 
the five environments and compari- 
son the corrosion rates structural 
steel under tropical exposure conditions 
with results similar steels reported for 
temperate climates. Subsequent reports 
this series will describe the results with 
other metals the program. 


Methods 


Selection Test Sites and Materials 


survey the Panama Canal Zone 
was initiated 1942 determine the 
most appropriate locations for the tropical 
corrosion test sites. Pilot atmospheric cor- 
rosion tests were installed number 
locations across the Isthmus, and num- 
ber immersion sites were studied 
relation wave action, water flow, con- 
tamination water, accessibility, and 
economy pier construction. After this 
preliminary evaluation, was decided 
carry out the continuous and mean tide 
sea water exposure the Pacific Ocean 
Fort Amador, the continuous fresh 
water immersion Gatun Lake Gatun, 
the marine atmospheric exposure the 
Atlantic coast Cristobal, and the inland 
atmospheric exposure Fig- 
ure shows the type exposure each 
site and its location the Canal Zone. 


Initially the selection metals was 
guided construction requirements for 
the proposed locks. This list was then modi- 
fied and supplemented conform with rec- 
ommendations based the results pub- 
lished work this field. addition, the 
suppliers the metals proffered advice 


Figure 1—Location test sites. 
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Figure 2—Typical rack installation for atmospheric 
specimens with four specimens in place. 


Figure 3—Typical immersion rack with specimens 
and glass barriers in place. 


based their own most recent experi- 
ence, and the final selection those 
studied was based this composite evi- 
dence. Ultimately, already stated, 
metals including number alloys were 
incorporated into 


Processing Test Metals 

Data were requested from the metal 
manufacturers complete manufacturing 
processes, chemical analysis, and physical 
properties for each proposed test metal. A 
check chemical analysis was obtained from 
government private laboratory for the 
majority the metals, and for those for 
which there was such data available, 
for which these analyses were incomplete, 
check analysis was made. Tensile, bend 
and Brinell hardness properties, metallo- 
graphic densities, and electrode 
potentials fresh and sea water also were 
determined for all test metals. 

Panels varying size were fabricated 
depending intended exposure. The 
panels for immersion were cut into plates 
inches square with nominal thickness 
inch. Most the atmospheric panels 
were 4x8 inches with nominal thickness 
1/16 inch; however, plates 
inches were exposed the at- 
mosphere. 

Following preparation for mounting, the 
Stoddard solvent. Heavy deposits were re- 
moved scrubbing tetrachlo- 
ride with vegetable fiber brush. ‘All 
samples were vapor degreased 
roethylene. panels, with the excep- 
tion those that were exposed 
face, were pickled 170 
percent sulfuric acid for ten minutes. 
mediately after pickling, the steels were 
rinsed water and brushed with vege- 
table fiber brush followed immersion 
expelling adsorbed The test 
pieces were then dried oven 
160 before going into desiccator for 
cooling prior weighing. 
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Figure 4—Sea water immersion specimens place 
at Fort Amador. Picture was taken at low tide. 


Figure 5—General view pier for fresh water 
immersion at Gatun. 


TABLE 1—Summary Individual Analyses Air Samples Obtained the 
Test Sites 


Constituent (determined in 


mg per 100 cu ft) 


|- 


Total Dissolved Solids............. 5.48 


Organic and Volatile 
Sulfate 0.64 | 
Chloride 0.42 | 
Nitrate 0.11 


0.16 


0.00 ; O038% | O12 


CRISTOBAL TEST SITE MIRAFLORES TEST SITE 
inimum) ‘Average |Maximum|Minimum ‘Average 

0.74 0.69 0.11 0.34 

0.030 | 0.20 | 1.13 0.011 0.25 

0.035 | 0.23 0.16 0.013 0.055 

0.00 0.040 


Each sample was weighed twice 
ances. The second and 
weight was obtained analytical 
balance with accuracy part 
80,000. The length and width each 
panel was measured with micrometer 
dial gauges the nearest 0.01 inch and 
the thickness was measured 0.001 
inch. Upon completion 
ments, each surface was inspected and 
irregularities recorded. 


Installation and Inspection 


The panels for one, two, 
year exposure were put place between 
March and June 1946, and 
tended for eight and sixteen year expo- 
sure were placed during April and May 
1947. The atmospheric test panels were 
mounted stainless steel racks 
angle degrees, facing north the 
Cristobal marine atmospheric site and 
south the Miraflores inland atmos- 
pheric site. typical rack shown 
Figure 

the immersion experiments, rolled 
plates were oriented such that the direc- 
tion rolling was horizontal when ex- 
posed the rack. Each immersion rack 
contained four sets duplicate metals 
with glass barriers between each set and 
between the terminal specimens 
ends the racks insulation against 
stray currents (Figure 3). All immersed 
racks were located according 
formulated that two racks containing 
significantly dissimilar metals would not 
proximate locations. Each pier posi- 
tion supported upper and lower rack. 
sea water these two racks were feet 
apart, the lower rack being located 
feet below mean tide for continuous ex- 
posure, and the top rack tide 
elevation shown Figure The aver- 
age daily tide range approximately 
feet. the fresh water exposure site 
(Figure 5), the two racks were sub- 
merged continuously and located eleva- 
tions 78.3 and 74.8 feet above sea level, 
the variation lake 
being between and feet. 

Water velocities were determined the 
immersion sites periods greatest flow. 


The water velocity 
ured the Fort Amador site 
exceed 0.5 ft/sec and there was ap- 
preciable flow the Gatun fresh water 
site. Following final installation, electrode 
potential measurements were 
tween racks and between positions the 
pier both immersion sites. Potentials 
between these locations were small 
considered insignificant. 


Composition Exposure Environments 


has been long recognized that con- 
taminants the atmosphere have im- 
portant bearing the corrosion rates 
metals exposed therein. Therefore was 
considered essential obtain 
the constituents the atmospheres 
which the test samples were exposed. 
Samples were taken continuously from 
May 1947 November 1950 aspiration 
methods using distilled water 
sorbent collect airborne material. Anal- 
ysis this absorbent water was made 
three times year representing periods 
from January April inclusive (dry sea- 
son), May August inclusive (wet sea- 
son), and September 
clusive (wet season). The 
summarized Table The periods 
sampling covered are sufficient duration 
considered representative the en- 
tire exposure period. 

The composition the water 
the specimens were exposed similar 
importance. Water samples were obtained 
the immersion test sites each March 
(during the dry season), May (beginning 
the wet season), and November (end 
the wet season) during the period May 
1946 March 1951. Fresh water was 
the elevations the Gatun 
Lake exposure racks. Because the prox- 
imity these racks, analyses 
elevations have been combined thie 
summary shown Table Sets sea 
water samples were obtained the days 
extreme tidal range, each set consisting 
—14 foot sample obtained low tide, 
—14 foot and 0.0 foot samples obtained 
when the tide was elevation 
foot, and —14 foot and 0.0 foot samples 
obtained high tide. The summary given 
Table represents the results for all 
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Figure 6—Canal Zone climatic conditions (average records, 20 years minimum). 


samples taken each 
Water temperatures are given Fig- 
ure 


Post-Exposure Processing Test 

Metals 

One, two, four, and eight year period 
specimens were removed from the ex- 
posure sites according schedule. During 
the cleaning the short term corrosion 
the pilot panels, and the one year 
the present study, numerous 
cleaning methods were studied carefully 
select and develop those which have 
adopted (See Table 6.) 

cleaning cycle consisted one dip 
the cleaning solution for the prescribed 
cngth time, followed scrubbing 
water with vegetable fiber brush, 
brass brush, wire brush. The choice 
brushes depended the metal being 
ceaned: fiber brush for soft metals, 
lead, zinc, aluminum; brass 
for brass and bronze; and wire 
for steel. Tightly adhering marine 
and corrosion products were at- 
many panels, and was found 


desirable use power driven tools dis- 
lodge these deposits. Mechanical cleaning 
proved slow and tedious, requiring many 
man-hours obiain thorough removal 
without affecting the base metal. Cleaning 
loss the majority the metals was 
less than mg/sq dm. 

After cleaning, the samples were 
weighed and measured the same ac- 
curacy during pre-exposure processing. 
The five deepest pits each side the 
plate were measured and recorded. Pit 
depths were measured with dial micro- 
meter depth gauges accuracy 
0.001 inch, and were related the original 
metal surface, either direct measure- 
ment from uncorroded areas the sur- 
face, calculation, using the original 
and final values average measured 
thickness. 


Evaluating Exposed Panels 

order assess fully the extent 
corrosion damage, with 
most metals consider the combined ef- 
fects all measurable deterioration 
among which weight loss and pitting are 
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Figure 7—Straight line relationship between weight 
loss and tensile change found for structural steel. 
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Figure 9—Corrosion structural steel 
atmosphere. 


most important. The average weight loss 
from duplicate panels obtained grams 
per square decimeter and converted 
average reduction thickness for atmos- 
pheric panels and average penetration for 
submerged panels calculation from the 
total weight loss. Pitting reported 
the average the deepest pits, mils, 
obtained averaging the five deepest 
penetrations each side the duplicate 
specimens total exposed area 2.25 
square feet for each immersed metal and 
0.89 square foot for each metal exposed 
the atmosphere). The ratio the deepest 
measured penetration the average cal- 
culated penetration also reported the 
pitting factor. 

Throughout this program endeavor 
being made study and evaluate many 
types corrosion damage are con- 
After cleaning, each 
surface was carefully inspected de- 
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Figure 10—Corrosion of structural steel in sea water. 
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Figure 11—Corrosion structural steel fresh 
water. 


termine the types corrosion, and esti- 
mates were made the comparative ex- 
tent each type. The corroded panels 
were also photographed 
aid evaluating the results. 

Physical property studies were made 
from representative samples each 
Specimens used for 
were cut from the inch and inch 
panels that had been exposed immer- 
sion and the atmosphere. Properties 
measured included yield strength, ultimate 
strength, proportional limit, 
elongation tensile measure- 
ments. Brinell hardness tests 
also were included. order relate the 
values obtained from the exposed metals 
those the same property the orig- 
inal metal, similar measurements were 


There has been a large accumulation of data 
in this program concerning physical testing 
and its many ramifications in relation to eval- 
uation of corrosion. Such factors as aging, 
cleaning methods, speed of testing, specimen 
size, and others have been investigated. It is 
intended that the results of this work will be 
presented in a separate report. 


TENSILE STRENGH CHANGE (PERCENT 


CORROSION—-NATIONAL ASSOCIATION CORROSION 


COPPER NICKEL 


MMERSED IN FRESH WATER, GATUN L AKE 
#- IMMERSED CONTINUOUSLY IN SEA WATER, FORT AMADOR 
EXPOSED 4T MEAN TIDE IN SEA WATER, FORT AMADOR 
K-EXPOSEO TO MARINE ATMOSPHERE, CRISTOBAL 
M EXPOSEO TO INLAND ATMOSPHERE, MIRAFLORES 


Figure 12—Comparative corrosion damage after 
exposure for four years. 


made simultaneously comparison 
samples each metal which 
preserved under desiccated conditions. 
These comparison specimens for each ex- 
posure period consisted three standard 
tensile pieces inch wide and one strip 
inch wide for bend and hardness tests. 
Similar specimens were cut from the cor- 
roded panels for post-exposure 
and addition, three tensile specimens 
inches wide were prepared for each pair 
the immersed metals. These wider 
specimens were taken from the corroded 
plates obtain better average determin- 
ation ultimate tensile strength test- 
ing larger cross section corroded 
metal. 

Tensile tests were made with Baldwin- 
Southwark Testing Machines with 60,000- 
pound and 400,000-pound capacities, re- 
spectively. The smaller machine was 
equipped with autographic stress-strain 
recorder and strain pacer. Since specimens 
varying thicknesses were included 
the atmospheric program, was necessary 
adjust tensile loss some common basis 
facilitate comparisons. thickness 
inch was used, this was the maxi- 
mum thickness the atmospheric panels 
and also the thickness the immersed 
specimens. 
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Figure 13—Corrosion-time curves for 1100 aluminum 
exposed to tropical = in Panama Caral 
one. 


Tensile measurements were made for all 
original specimens this program and for 
those removed after exposure intervals 
one, two, and four years for the purpose 
supplying evidence the degree 
corrosion attack. While generally 
agreed that for steel and iron, change 
tensile values function weight loss, 
sufficient number measurements were 
made confirm this fact (Figure 7). 
Since similar relationship apparent 
for nonferrous metals, tensile measure- 
ments will continue made the non- 
ferrous specimens but will omitted 
the ferrous metals. present the tensile 
values for the specimens exposed eight 
years have not been obtained. Tensile test- 
ing becomes less reliable test severity 
whether continue tensile testing for 
the nonferrous metals will made 
later date. 


Corrosion Rates Structural Steel 

Tropical and Temperate Climates 

stated initially, major objective 
this study establish quantitative rates 
corrosion for metals and 
alloys the precise local environments 
for which they might specified. Futher- 
more, opportunity presented com- 
pare these rates with data reported 
other investigators describing corrosion 
rates for the same metals somewhat 
milder climates. might expected, 
greater abundance such data exist for 
steel and iron than for the five remaining 
metals included herein, and therefore, 
more complete comparison can made 
steel between corrosion 
rates the tropics and the temperate 
zones. Earlier work the 
corrosion rates structural steel under 
various exposure conditions furnishes 
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Ficure 14—Corrosion-time curves for 1100 aluminum 
exyosed to tropical waters in Panama Canal Zone. 
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Figure 15—Corrosion-time curves for lead exposed 
tropical atmosphere in Panama Canal Zone, 


TABLE Composition Steels 


Exposure of 
pee ee, Atmospheric | 0.25 0.46 0.083 0.014 0.004 | 0.020 0.035 0.025 
See Atmospheric | 0.16 0.42 0.013 0.021 0.01 0.020 0.02 0.01 
ee Atmospheric | 0.19 0.52 0.008 0.039 0.01 0.29 | 0.05 0.05 
Immersed 0.24 0.48 0.040 0.008 0.080 0.051 0.03 
Pree Immersed 0.25 0.42 0.020 0.025 0.012 0.02 0.06 
|, Se Immersed 0.19 0.40 0.009 0.032 0.028 0.018 0.035 


* Steel from present study 


+ Data from Reference 3 for steels exposed in temperate climates 


basis for comparing corrosion rates 
similar alloys (Table one more 
the temperate zone with similar 
raies the tropics. 


Aimospheric Exposure 

Figure corrosion curves are shown 
for structural steel exposed tropical 
marine atmosphere (alloy along with 
like curves for two alloys and ex- 
posed marine atmosphere Kure 
Beach, Composition these alloys 
shown Table From the curves 
obvious that the corrosion rate this 
type alloy Panama about double that 
the average rate Kure Beach. Furth- 
ermore, this appears true any given 
time. Thus, may presumed that this 
increased corrosion rate may very well 
attributed the average higher humidity 
(Figure 6). 

The curves shown Figure are for 
the same alloys but the curve for alloy 
represents the tropical corrosion rate 
point about five miles inland, relatively 
free any contamination, and the curves 
for alloys and are the corrosion 
rates when exposed the industrial at- 
mosphere Kearny, this case 
the corrosion rate the tropics does not 
appear quite double the average the 
other two. Since the two atmospheres in- 
volved are not comparable relative con- 
tamination, factors other than humidity 
have been involved this case. The 
evident, however, that the 
rrosion rate the steels involved will 

sustained substantially higher rate 
the relatively clean atmosphere the 
tropics than typical industrial area 
from the seacoast. 


Sea Water Exposure 

Figure 10, the curve for alloy 
shows the average rate penetra- 
tin when exposed the sea Kure 
C., for The curve 
the corrosion rate closely 
alloy (Table continuously im- 
most striking point here appears 
the remarkable identity the two 
with the exception the initial 
Obviously the average temperature 


the water Fort Amador higher 
than that Kure Beach, although 
major differences are noted water com- 
position. Therefore, the higher initial rate 
Fort Amador may explained the 
basis temperature. However, the initial 
slope this curve greater until 
reaches point practical coincidence 
with that alloy K—a situation which 
may explained the accrual pro- 
tective layer corrosion product and/or 
marine fouling such that the corrosion 
rate reduced point that any differ- 
ence attributable temperature becomes 
insignificant. 


Fresh Water Exposure 


Since the composition most fresh 
water sources may expected vary 
considerably over ranges beyond those 
likely occur clean sea water di- 
verse locations, any relation corrosion 
rates widely separated latitudes also 
have take into account differences 
lished some interesting data the cor- 
rosion rates structural steel several 
fresh water locations shown 
curves for alloy Figure 11. The 
curve for alloy the corrosion rate 
similar alloy (Table exposed Lake 
Gatun, Larrabee explained the high 
rate the Monongahela River the fact 
that the the water the point 
the exposure was 3.5 4.0. Since the 
variation Gatun Lake between 
7.0 and and the water 
stagnant, the higher corrosion rates 
Lake Gatun may attributed part 
temperature which varies between maxi- 

general, appears from the available 
data that corrosion rates for structural 
steel are appreciably higher the tropics 
when exposed either inland seashore 
atmosphere. Similarly the rate higher 
fresh water but not marked during 
sea water immersion. the tropics, 
temperate zones, films corrosion prod- 
uct accrue the surface the corroding 
metal which tend slow the rate sub- 
sequent corrosion. 


Corrosion Pure Metals 
Results showing the effects corrosion 
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Figure 16—Corrosion-time curves for lead exposed to 
tropical waters in Panama Canal Zone. 


TABLE 4—List Metals for Which Exposure 
Results Are Reported 


Specifications Sur- 
face 
Atmospheric} Immersion | Treat- 
Material Tests Tests ment 
Aluminum | QQ-A-561, QQ-A-561, None 
1100 Type 1-I, Type 3 
Half Hard 
1100 
Lead QQ-L-201, QQ-L-201, None 
Amend-l, Amend-l, 
Grade A Grade A 
Copper QQ-C-501A, | QOQ-C-50la, None 
Amend-3, Amend-2, 
Class A Class A 
Zine QQ-Z-301a, QQ-Z-301a, None 
Type 3 Type 3 
Nickel Inco cold Inco cold None 
rolled rolled 
Sheet Plate 
Structural ASTM QOQ-S-741, Pickled 
Steel A245-41T, Type II, 
Grade C, Grade A 
0.08% Cu 


the five tropical environments are now 
complete for exposure periods one, 
two, four, and eight years. Those with 
which the authors presently 
cerned are listed Table along with 
specification designations where applicable. 
the data which follow effort will 
made show the corrosion rates 
aluminum, lead, zinc, copper, 
each fair degree purity, com- 
pared with typical structural steel, these 
rates having been determined the five 
environments already described. The ap- 
proximate chemical analysis each the 
six metals shown Table 

The methods used for cleaning the 
metals considered here are outlined 
Table Corrosion damage 
mined from the weight loss, pitting at- 
tack, tensile strength change, and visual 
inspection. The results for the four 
and eight year exposures are presented 
Table Among the physical data ob- 
tained, the ultimate tensile strength con- 
sidered quite significant for this report. 
Tensile values, reported percent change 
after exposure for four years, are deter- 
mined comparing the average breaking 
strength the seven immersion four 
atmospheric corroded test coupons the 
average breaking strength their respec- 
tive control (stored) specimens. 

The data recorded Table presents 
variety facts relative the corro- 
sion rates five relatively pure metals 
and structural steel several environ- 
ments hitherto unreported the literature. 
interest, therefore, compare the 
corrosion rates these several metals 
observed the individual locations one 
with another. The percent change ten- 
sile strengths after exposure for four 
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Figure 17—Corrosion-time curves for copper exposed 
to tropical atmosphere in Panama Canal Zone. 
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Figure 18—Corrosion-time curves for copper exposed 
to tropical waters in Panama Canal Zone. 
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Figure 19—Corrosion-time curves for zinc exposed to 
tropical atmosphere in Panama Canal Zone. 


years are plotted the form 
chart Figure 12, with comparative bar 
chart the calculated average reduction 
thickness. addition, the weight loss 
data expressed reduction thickness 
penetration are plotted against exposure 
time Figures 13-24. 


would expected, the atmospheric 
cally nil the end cight years 


Exposure of | 


Aluminum | Atmospheric 98,85* | 
Lead Atmospheric 0.0008 | 0.0023 | 
Copper | Atmospheric | | | 
Zine | Atmospheric | Trace | 0.06 | 

| | | 

Nickel | Atmospheric | | | 0.07 
Structural 

Steel Atmospheric | 0.25 
Aluminum | Immersed 99.01* 
Lead | Immersed } 0.0118 | 0.0001 
Copper | Immersed | | 
Zine Immersed Trace | 0.047 
Nickel Immersed 0.07 
Structural | | 

Steel Immersed 0.24 
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Figure 20—Corrosion-time curves for zinc exposed to 
tropical waters in Panama Canal Zone. 
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Figure 21—Corrosion-time curves for nickel exposed 
tropical atmosphere Panama Canal Zone. 
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Figure 22—Corrosion-time curves for nickel exposed 
to tropical waters in Panama Canal Zone. 


shown Figure and Table in- 
teresting note, however, that after this 
time the measurable weight loss was 
slightly greater the inland site than 
the seashore. Both values were low 
insignificant. 

Although fresh water has been reported 
some instances supporting severe lo- 
calized atiack some aluminum alloys 
due the extent which 1100 
aluminum was pitted fresh water 
compared with relatively mild attack sea 


TABLE Chemical Composition Six Metals for Which 


| | | 
| | 0.006 | 0.49 | | 
| 


* By Difference. 
Ni. 
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Figure 23—Corrosion-time curves for structural eel 
exposed to tropical = in Panama Conal 
one. 
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Figure 24—Corrosion-time curves for structural steel 
exposed to tropical waters in Panama Canal Zone, 


water was somewhat surprising. The 
weight loss recorded (curve Figure 14) 
due largely pitting rather than 
any general even surface attack. This 
comparing the photographs Figure 25. 
Furthermore, the corrosion aluminum 
mean tide (sea water) was even less 
pronounced than that for continuous im- 
mersion. way summary, may 
stated that aluminum quite resistant 
all environments which studied 
with the exception fresh water where 
pronounced local pitting occurred. 


Lead 


Although extensive use lead 
material construction was not contem- 
plated the time the current tests were 
designed, its qualities corrosion re- 
sistant metal appeared warrant its in- 
expected, corrosion the atmosphere was 
slight after eight years (Figure 15), re- 
being less than mil and mil, respec- 
tively, near the seashore and the inland 
site. The corrosion lead both sea 
water and fresh water was mild and about 
would predicted (Figure 16). Lead 
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CORROSION METALS TROPICAL ENVIRON MENTS 


TABLE Cleaning Solutions 


Metal 


Ste | 


Ah ainum 


Aluminum 


Str ctural 


Dip 
Time 
| Per 
Clean- 
ing 
Cleaning Cycle 
Chemical* Inhibitor (Min.) 
10% Sulfuric | 1% Quino- 3 
Acid line Ethio- 
dide 
18% None 3 
Hydrochloric 
Acid 
Concentrated} None 3 
Nitric Acid | 
5% Acetic None | 3 
Acid 
10% None 20 
Ammonium 
Chloride at 
70° 


* Room temperature unless otherwise noted 


Metal 
Tested 


Lead 


t} 


Steel 


) 


Copper 


was practically unaffected 
pitting; none appeared fresh water, and 
there was relatively small number sea 
water and only exposure for eight 
years (Table 7). Lead does exhibit be- 
havior unusual interest, however, 
that the only metal this series dis- 
playing apparent increase tensile 
strength with time while simultaneously 
undergoing measurable reduction 
thickness (Figure 12). However, the nor- 
mal tensile values for lead are low 
relative those the metals considered 
here that the percentage change values 
does not assume the same significances 
for the other metals this series. 

summary, may concluded that 
lead behaves normally, being very resistant 
corrosive influences. The gain tensile 
strength, however, sufficient interest 
noted. 


Copper 

The corrosion curves for copper (Fig- 
ures and 18) are quite similar gen- 
eral characteristics those derived 


more temperate climates. Characteristic- 
ally, corrosion marine atmosphere 
increased rate over that the inland 
location. significant that the corrosion 
curve for the inland site levels off con- 
siderably after two years, whereas con- 
tinues climb near the seashore. 

During continuous immersion the sea, 
copper appears corrode steady rate 
(curve Figure 18). However, fresh 
water and mean tide the corrosion rate 
levels off low rate quite early. This 
steady corrosion rate during continuous 
immersion entirely expected and coin- 
cides happily with accepted theories ex- 
plaining the excellent antifouling charac- 
teristics copper, (i.e., that goes into 
solution slow steady rate, this rate 
being sufficient maintain concentration 
soluble copper the metal-water inter- 
face which turn poisons otherwise 
discourages the attachment and growth 
fouling organisms.) 

half-tide and fresh water copper 
corrodes only slightly, much the same 
fashion temperate climates. 


TASLE Corrosion Evaluation Duplicate Panels Six Metals Exposed Tropical 


Environments the Panama Canal Zone 


| | 
Type 
Av. Av. Tensile Corro- 
Weight Av. Reduction Deepest Deepest | Strength | sion 
Loss Penetration* Thickness* Pitst Pitt Pitting Change§ | Attack 
Exposure (¢/dm2) (mils) (mils) (mils) (mils) Factort (percent) ** 
4 Yr. 8 Yr. 4 Yr. 8 Yr. 4 Yr. 8 Yr. 4 Yr. | 8 Yr 4 Yr. | 8 Yr. | 4 Yr. 8 Yr. 4 Yr. 8 Yr 
Immersion 
Fresh water 0.96 1.60 1.3 2.3 39 61 67 | 92 50 | 40 —5 KQ 
Sea water |} 0.39 0.48 0.6 0.7 | a 11 15 | 19 a 27 | —3 
Mean tide level | 0.17 0.22 0.2 0.3 | 26 14 | 46 | 37 184 | 123 —3 JKRQ 
Marine 0.01 0.01 0.0 0.0 0 | 0 | 0 | 0 0 | 0 0 |K 
Inland 0.00 0.02 0.0 0.1 0 | 0 0 | 0 | 0 0 | K 
Immersion 
Sea water | 8.18 1.7 2. 0 23 0 } 40 0 | 14 +4 AJH 
Mean tide level | 4.68 i. 1.6 | Oo | 20 0 30 0 | 18 +53 AJ 
Atmospheric 
Marine 0.70 1.21 | | 0.5 0.8 0 | 0 0 | 0 Oo | 0 0 | A 
| Inland 0.40 | 0.68 | 0 0.5 0 | 0 0 | 0 0 0 +1 \ 
Sea water 5.95 | 12.62 2.6 5.5 | | 8 28 21 53 $s | 10 | —2 RAH 
Atmospheric } | | | | 
Marine 0.85 | 1.29 08 | A | 0 | 0 | 0 0 Oo | 0 A 
Inland 0.33 OS | 0.4 | 0 | 0 0 | 0 0 0 | +1 A 
Fresh water | 3.79 5.93 2.1 ke 14 | 13 22 | 19 10 6 | —2 | AR 
| Sea water 6.03 9.08 3.3 5.0 | 52 | 53 112 7i 34 14 | —5 | EQ 
Mean tide level 6.52 Sart | 3.6 6 | 16 24 24 31 7 7 | 4 E 
Marine 1.90 | 2.1 0 9 0 15 | 0 14 FA 
Immersion | | | 
Fresh water 0.00 0.03 0.0 0.0 | | 0 0 0 0 | 0 0 | K 
| Sea water 1.75 28.39 3.2 12.6 | 120 120 2484 | 2453 50 19 —10 | JOKB 
| Mean tide level 3.00 5.77 1.3 2.5 45 65 103 | 103 79 40 3 JOB 
Inland | 0.06 0.09 | | 0.1 0 0 0 | 0 0 | 0 0 | K 
Immersion | | | | | | | 
Fresh water | 33.95 | 43.67 7.0 21.9 | | 44 58 | 66 71 ec 3 } —13 | E 
Sea water 31.39 | 50.88 | 6.7 25.5 | 66 | 66 i 213 86 7 3 | —12 | RAHO 
Atmospheric 
Marine 11.22 20.28 | 11.2 20.4 18 34 0 67 | 9 7 —5 | ERH 
Inland 8.28 | 12.58 | 8.: 2.6 10 17 | 15 27 4 4 —4 | E 


* Calculated from weight loss and specific gravity. 


+ Average of the 5 deepest pits measured on each side of duplicate specimens (area 2.25 sq. ft. on immersed specimens, and 0.89 sq. ft. on atmospheric specimens) 


t Ratio of the deepest measured penetration to the average calculated penetration. 


referred to the original surface of the metal, either by measurement from an uncorroded surface, or by calculation, using the original and final average measured 
hi kness of the sample. 


§ Percent changes in tensile strength calculated on basis of 4 inch thick metal (average of 7 tests for immersed specimens, average of 3 tests on atmospheric 
sp imens). 


A—Uniform Attack, 
Q—Pitting Attack (Random), and R—Localized Attack (Random). 


# Perforated. 


ick, 


B—Granular Reaction, 


E—Localized Attack (Uniform), 


H—Concentration Cell, 


J—Marine Fouling Contact, K—No Visible 
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(a) In fresh water, relatively severe 


(b) In sea water, practicaly unaffected 


Figure 25—Pitting of 1100 aluminum after exposure for eight years. 


(a) In sea water 


(b) At mean tide 


Figure 26—Pitting of nickel after exposure for eight years. 


Zinc 

The corrosion curves for zinc (Figures 
and 20) are quite similar those ob- 
tained for this metal other areas. 
would expected, the corrosion rate 
the marine atmosphere several times 
that the inland location. none the 
five locations does the rate for zinc appear 
fall off, all slopes remain about the 
same the end the eight year period. 
Samples similar metal exposed sea 
water Kure Beach, C., for six 
months showed weight loss values 9.5 
mdd and 0.0019 After 385 days these 
values Fort Amador were 8.3 mdd 
0.0015 ipy which suggest that, the case 
immersed the sea, corrosion 
proceeds the tropics approximately 
the same rate temperate latitudes. 


Nickel 

was expected, the corrosion 
nickel the atmosphere was quite low 
and the case fresh water was neg- 
ligible (Figures and 22). However, pit- 
ting the specimens exposed sea 
water was quite severe, and this was 
especially true for continuous immer- 
sion. matter fact, pitting alone 
perhaps accounted for the greater por- 
tion the measured weight loss for the 
nickel specimens. The extent pitting 
the photographs Figure 26. the 
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end one year Panama, weight loss 
immersed nickel specimens amounted 
mdd 0.0023 ipy, whereas 
Kure Beach, C., weight loss after 
three years amounted 6.1 mdd 
0.001 The maximum rate pitting 
observed the Canal Zone test was 
0.062 ipy for exposure period four 
years during which the panel, 0.248 
inch thickness, was perforated. The 
fouling Panama rather severe and the 
attachment encrustating organisms un- 
doubtedly contributed this pitting. 


Summary and Conclusions 

brief review has been presented 
portion the program the Canal 
Zone Corrosion Laboratory operated 
the Naval Research Laboratory co- 
operation with the Engineer Research 
and Development Laboratories, Fort 
Belvoir, and the Panama Canal Com- 
pany. For the first time, extensive quan- 
titative data are presented relative 
the corrosion rates five metals the 
tropics along with similar data describ- 
ing the rate corrosion 
structural steel. These data are com- 
plete throughout continuous exposure 
period eight 

Methods are described for the prep- 
aration and mounting specimens 
prior exposure along with techniques 
employed for cleaning and measuring 
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the degree corrosion exposed 
metals. Tensile values for 
structural steel are straight line furc- 
tion weight loss values (Figure 
This not true, however, for the 
ferrous metals where tensile values are 
distinct help assessing corrosion 
damage. 

Corrosion rate data for the six 
are compared for each five local 
vironments the tropics. These dita 
lecting metals for use these respect 
locations. summary: 


corrosion all environments studied 
with the exception fresh water, Fit- 
ting fresh water accelerated 
what, perhaps the higher tempera- 
ture the tropical water. 


bo 


Lead very resistant corrosion but 
displays the unique property 
creasing tensile strength while 
undergoing measurable reduction 
thickness during sea water immersion. 


thickness, appreciably corroded 
only sea 


and nickel corrode the tropics 
rates which might 
from rates measured sites such 
Kure Beach, However, the 
pitting nickel tropical sea water 
appears considerably greater than 
available data. 


considerable general interest the 
relationship corrosion rates 
structural steel the tropics rates 
observed for similar alloys tem- 
perate climates. For the steel studied, 
the following generalizations appear 
justified: 


For marine atmospheric exposure, 
the rate corrosion structural 
steel the tropics approximately 
double that Kure Beach, 
but the same general character 
(Figure 8). 


For inland atmospheric exposure 
the corrosion rate structural steel 
approximately greater than ina 
typical industrial atmosphere 
(Figure 9). 


The rate corrosion structural 
steel continuous sea water im- 
mersion about the same the 
tropics the middle Atlantic 
coast the United States, with the 
exception that the initial rate the 
tropics slightly greater (Fig- 
ure 10). 


Although the corrosion steel 
fresh water varies widely, the rate 
the tropics generally much 
greater than that domestic 
waters (Figure 11). 
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DISCUSSION 
Comment Godard, Alumin- 
Laboratories Limited, Kingston, 
Ontario, Canada: 


interested see that aluminum 
more rapidly Gatun Lake 


thin sea water. have found alum- 


inim corrode more rapidly Lake 
Venezuela (tropical fresh 
ter containing about percent sea 
0.4 mpy first year). 


the Panama tests the ratio cor- 
rosion 1100 aluminum fresh water 
compared sea water was less than 
the end one year exposure, 
(.40 mils penetration fresh water 
.27 mils penetration sea water). 
eight years this ratio changed ap- 
proximately (2.3 mils penetration 
fresh water mils penetration 
sea water). These values average 
penetration are calculated from weight 
loss. The ratio pitting (average the 
exposed surface) was slightly less than 
the end one year exposure 
eight years exposure. 


CORROSION METALS TROPICAL ENVIRON MENTS 


Questions Donald Sprowls, New 
Kensington, Pennsylvania: 

How did weight loss data and tensile 

loss data compare for aluminum? Did 

they correlate well enough justify 

discounting tension tests future pe- 

riods stated for steel? 


the Panama tests straight-line 
relationship could not established be- 
tween weight loss and tensile data for 
1100 aluminum, possibly because the 
magnitudes the weight loss values 
were small. The ratio tensile 
strength loss weight loss was consid- 
erably higher for the submerged alumi- 
num samples than for the structural 
and therefore our intention con- 
tinue evaluate corrosion damage 
aluminum measuring tensile changes. 


Any discussions this article not published above 


will appear the June, 1958 issue 


DISCUSSIONS TECHNICAL ARTICLES ARE SOLICITED 


Discussions technical articles published Corrosion 
will accepted for review without invitation. Discus- 
sions must constructive, accompanied full sub- 
stantiation fact the form tables, graphs 


other representative data and submitted three 
typewritten copies. 

Authors discussions are asked supply one copy 
figures suitable for reproduction and will sent 
request copy the NACE Outline for the Prep- 
aration and Presentation Papers. 


Discussions will reviewed the editor Corro- 
sion and will sent the author the paper 
discussed for his replies, any. Publication will 
the Technical Section with full credit the authors 
together with replies. Discussions papers presented 
meetings the association may submitted 
writing the time presentation later mail 
the editorial offices Corrosion, 1061 
Houston Texas. 
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Effect Inhibitors Fuming Nitric Acid 


Corrosion and Oxidation* 


Introduction 
UMING NITRIC acid very corro- 
sive metals. For this reason 
conventional add small amount 
inhibitor the acid inhibit corrosion. 
Some the more commonly used inhibi- 
tors are the halogen compounds. little 
percent these compounds the 
acid will produce satisfactory corrosion 
Fuming nitric acid generally used 
strong oxidizing agent. has been 
found, however, that the addition 
inhibitor may affect the oxidizing power 
the acid. The aim this work 
study the effect these inhibitors 
corrosion and oxidizing power the in- 
hibited acid. 


Corrosion 

The so-called weight loss method was 
used the testing each the inhibi- 
tors listed Table These inhibitors 
were tested for their effectiveness against 
corrosion of a stainless steel plate in 
white fuming nitric acid (WFNA). The 
tests for the inhibitors were carried out 
simultaneously and under the same con- 
time, temperature, and strength 
the 

The stainless steel plate 347, 
inch) was cleaned with fine 
sandpaper, carbon tetrachloride, acetone, 
and distilled water; was then dried and 
weighed. Thirty milliters (ap- 
proximately percent contain- 
ing 0.5 percent percent weight 
stoppered bottle with capacity ml. 
The mixture was stirred with magnetic 
stirrer for minutes, stainless steel 
plate was submerged bottle 
inhibited acid. The plate remained the 
acid room temperature for days. 
During this period, the plate was turned 
over several times intervals order 
ensure that the plate was contact 
with the acid. the end the test, the 
plate was removed from 
washed with distilled water, dried and 
weighed. The percentage weight loss 
plate immersed each the in- 
hibited acids recorded Table 

The inhibited WENA from the corro- 
sion test was used for spectrographic 
The solution was diluted with 
about twice its volume water order 
remove the strong fumes and was 
evaporated dryness. The dried residue 
was then ground into fine powder. Two 
parts the powder were mixed with one 
part graphite, and the mixture was 
packed into graphite cup electrode for 
spectrographic analysis the metallic 
elements. 3.4 meter Jarrel-Ash grating 
spectrograph and Uni-are method were 
used, 


% Submitted for publication March 11, 1957. 
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The main constituents the stainless 
steel were iron, chromium, nickel, and 
manganese corresponding the spectral 
lines 2395.63, 2855.68, 3050.82, and 2605.69, 
Angstrom units, respectively. The per- 
cent light transmission through each 
these lines was measured with densi- 
tometer. The percent transmission of 
each line varied with the concentration 
constituents the plate. The results 
the analysis show that iron, chromium, 
nickel, and manganese were present 
all residues the inhibited solution listed 
Table The concentration the dis- 
solved constituents found the residues 
tions was less than any the other 
inhibited solutions tested. 


Oxidation 


The organic compound chosen for the 
oxidation reaction was n-octane. The 
compound reacts slowly with WFNA 
room temperature, and the oxidation 
products can separated for infrared 
analysis. small amount (0.5 percent 
percent) inhibitor weight was added 
flask equipped with reflux condenser. 
The mixture was stirred for least 
minutes before n-octane were 
pipetted into the flask during the stirring 
process. Simultaneously, another flask, 
were reacted the control reference 
reaction. The reactions the flasks were 
stirred vigorously for two hours 
room temperature The mixture 
was then poured over ice, and the aque- 


Abstract 


has been developed 
which an inhibitor for fuming nitric acid 
can be selected in order to give good in- 
hibition to corrosion and, at the same 
time, increase the oxidizing power of the 
fuming nitric acid. The oe used 
in this study are KI, 1:05 
HF, NaF, and 
The following inhibitors (0.5 ce 
were found to increase the oxidizing 
power the acid: KI, 
and HF, whereas the following 
inhibitors decreased the oxidizing power 
of the acid: 1 percent KI, 0.5 percent 
percent HF, percent HF, 0.5 
percent NaF and 0.5 percent 
Ilowever, KI, KIOs, l2 and I20s were 
found to’ be among the best corrosion 
inhibitors in this study. 4.3.2 


ous solution was extracted with ether. 
‘The residue left after evaporation 
ether was dissolved chloro- 
form. The dried chloroform solution was 
then submitted for infrared analysis. All 
infrared spectra were determined 
Double Beam Recording 
Infrared Spectrophotometer Model 
use a0.1 cell with sodium chloride 
windows and with solvent blank 
the reference beam. 


Results 


According Bender and Figueras’, 
the reaction 100 percent nitric acid 
with n-octane produces approxi- 
mately 0.1 mole per liter carboxylic 
acid (acids) which corresponds yield 
about percent. addition, small 
amounts nitric and nitro compounds 
are produced. The assumption made 
that approximately the same 
tion carboxylic acids produced 
the reactions this study. 

The amount carboxylic acids formed 
each set reactions indicates the ex- 
tent which the n-octane was oxidized 
the WFNA. Each set reactions was 
carried out under the same conditions 
time, temperature, and concentration 
reactants. The control differed 
that inhibitor was used. The different 
amount carboxylic acids formed 
each set shown the infrared analysis 
(Figure was caused the action 
the inhibitor. 


Bender and Figueras’ have stated that 
the absorption peak 1712 cm™ the 
infrared spectrum caused the 
acids. The absorption percentage 
this peak function the concen- 
tration carboxylic acids the solvent 
the cell. The higher the absorption 
percentage the higher the concentration 
carboxylic acids the solvent. Since 
the amount carboxylic acids formed 
each reaction can used measure 
the oxidizing power the WFNA 
n-octane, the absorption percentage 
the peak 1712 can used 
measure the oxidizing power the 
WENA n-octane. 


Figure shows the carboxylic acids 
absorption peak 1712 cm™ the infra- 
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rel spectrum curve for each set the 
The dotted line curve that 
the control reaction, and the solid line 
curve that the reaction with the in- 
Theoretically, all the control re- 
actions should produce the same amount 
carboxylic acids; their peaks ‘at 1712 
should show the same absorption 
percentage. Because experimental dif- 
however, the carboxylic acid ab- 
scrption peaks the control reactions 
wre slightly different. Nevertheless, 
set reactions was repeated, the 
positions the absorption peaks 
the control reaction and the reaction 
inhibitor were about the same. 
mparison the percentages the two 
sorption peaks each set reactions 
reveals whether the inhibitor 
increasing decreasing the oxidizing 
wer WFNA n-octane. 


Discussion 


Figure shows the absorption peaks 
tle carboxylic acids 1712 can 
seen that concentrations 0.5 percent 
1.0s, KE CaF;, NH,F, and HF 
increased the oxidizing power WFNA 
n-octane. Similarly percent KI, 0.5 
percent percent HF, percent 
HF, 0.5 percent NaF, and 0.5 percent 
decreased the oxidizing power 
WFNA n-octane. 


experiment was carried out 
order determine why increased 
the oxidizing power WFNA 
octane. Ten milliters ordinary concen- 
trated nitric acid (66 percent percent 
contains negligible amount 
inhibited with 0.5 percent 
were reacted with n-octane for 
tion, the mixture was poured over ice. 
The aqueous solution was tested for free 
iodine. Ammonium hydroxide was added 
drop drop the solution until the 
starch solution was added. The solution 
did not turn blue; therefore, free iodine 
was present. When was bubbled into 
the same mixture for several minutes, 
iodine was found present the 
solution because blue color developed. 


another reaction, WFNA 
(containing some inhibited with 
0.5 percent were reacted with 
n-octane for two hours The 
mixture was tested for free iodine and 
iodine was found present. The 
had been reduced NO: free iodine 
with the valence zero. the same 
time, NOz must have been oxidized 
N.Os. According Bender 
added the reaction between 
WFNA and n-octane, causes 
increase oxidizing power the WFNA 
n-octane. 


The cause the decreased oxidizing 
power WFNA n-octane the 
named inhibitors has not been deter- 
mined. The following experiments were 
carried out and may help explain this 
phenomenon: 


WFNA inhibited with percent 
more was reacted with n-octane 
for two hours the end the 
reaction, the mixture was poured over 
The aqueous solution was made am- 
and white precipitate 
appeared. The precipitate was not sol- 
water. Powder X-ray diffraction 
itterns were made the precipitate, 
only two halo lines appeared the 
ittern. infrared spectrum was made 
the precipitate the KBr pellet 
chnique. The infrared spectrum curve 
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Figure 1—Carboxylic acid absorption peaks 1712 line shows reaction without 
inhibitor; solid line curve shows reaction with inhibitor. Graph for inhibitors increasing the oxidizing 
power WFNA n-octane; Graph for inhibitors decreasing the oxidizing power WFNA n-octane. 


TABLE 1—Percentage Weight Loss Each 
Stainless Steel Plate After Immersion 
Inhibited WFNA 


Inhibitor Weight 
Weight, Loss, 

Percent 
0.015 
1.0 KI .005 
None (Control) 573 


HF, and NH4OH. 


shows that the precipitate contained 


ammonium and fluoride ions. 


the precipitate used the 
and n-octane reaction, in- 
creases the oxidizing power the 
n-octane. However, the pre- 
cipitate has inhibitive value corro- 
sion (Table 1). 


the initial mixture discussed 
this section made basic with sodium 
hydroxide, rather than ammonium hy- 
droxide, precipitate appears. 


inhibitor the reaction WFNA and 
n-octane, precipitate appears when the 
resultant solution made ammoniacal. 


When iodine compound such 
tor WFNA, white substance always 
formed the bottom the flask. The 
substance resembled crystals. 


the case iodine WFNA, the 
white substance formed was identified 
X-ray* and diffraction analyses 
The iodine was oxidized probably 
the WFNA. the substance 
formed the iodine compounds 
that these iodine compounds 
should increase the oxidizing power 
the WFNA n-octane does 
However, the subsequent experi- 
ment proved this idea incorrect. 


Three samples WFNA were 
prepared, each containing 0.166 gram KI, 
0.127 gram and 0.167 gram These 
three solutions contained the same num- 
ber iodine atoms. The mixtures were 
stirred with magnetic stirrer for more 
than half hour and then kept for 
days. Two n-octane were then pip- 
etted into each flask inhibited WFNA. 
The inhibited WFNA and n-octane were 
reacted for three hours and the 
carboxylic acids formed the reactions 
were submitted for infrared analysis. The 
analysis showed that the carboxylic acid 
absorption peaks (1712 for the 
three inhibited WFNA reactions were 
follows: percent for KI, percent 
for and percent for Thus, this 
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experiment revealed that and in- 
crease the oxidizing power WFNA 
n-octane, whereas (over percent) 
decreases the oxidizing power WFNA 
n-octane, previous experiments 
have shown. 


Conclusion 


The procedure developed this study 
can used select compound which 
will act corrosion inhibitor and, 
the same time, increase the oxidizing 
power white fuming nitric acid. 
the inhibitors studied this research, 


KI, and KIO; were found 
among the best inhibitors against cor- 
rosion. However, also shown that 
and amounts 0.5 percent 
increased the oxidizing power the 
WENA, whereas 0.5 percent KIO; and 
percent decreased the oxidizing 
power the WFNA. 
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Corrosion Cable Sheaths 


Introduction 


CORROSION communica- 

tion cables underground pipes 
usually caused the accumulated 
water manholes duct mouths 
where the cables are submerged. One 
the main causes the leakage current 
from electric railway tracks, but the na- 
ture and components manhole water 
are considered another cause. The 
authors carried out corrosion tests 
using test pieces lead, make clear 
the relationship between the components 
accumulated water and the corrosion 
lead sheath and obtain information 
necessary for making plan prevent 
such corrosion. 

For the purpose the field tests, the 
authors selected manholes Tokyo 
shown Figure They submerged 
two test pieces into accumulated water 
every manhole. The pieces were 150 
melted lead sheath and joined 
end lead ribbon with ebonite bolt and 
nut. The other end the ribbon was 
plumbed the lead cable sheath 
shown Figure this way, the po- 
tential the earth the test piece was 
kept the same that the cable lead 
sheath and the corrosion weight loss 
only the test piece could measured. 
The potentials the earth the lead 
sheath express the mean value poten- 
tials measured for minutes usual 
means before test pieces were attached. 


Experimental 


Then the authors obtained samples 
accumulated water from every manhole 
and analyzed components according 
the standard method chemical anal- 
ysis recommended the Committee 
Electrolysis Control. The mean values 
the components are shown Table 
shown this table most water 


trical Communication Laboratory, Nippon 
Telegraph and Telephone Public Corporation, 
Tokyo Japan. Reprinted from Reports, Elec- 
tric. Commun, Lab. Nippon Tel, & Tel. Public 
Corp., 4, No. 11, 5-10 (1956) Nov. 

@® T. J. Maitland, American Telephone and 
Telegraph Co., New York, chairman, 


Abstract 


Tests were made in 45 selected man- 
holes in Tokyo by attaching lead 
coupons to cable sheaths in the man- 
holes and submerging coupons in the 
manhole water. Potentials the lead 
sheaths to ground were measured to 
each test point. Samples water from 
each manhole were tested and mean 
values compiled. 

Corrosion losses weight were 
measured at 100 and 240 days. These 
showed losses proportional 
potential difference between cable and 
ground. Pitting was found where po- 
tential to ground was more than 100 
mV. relationship between weight 
losses and water composition could be 
determined because of varying poten- 
tials to ground. 

Laboratory tests were conducted 
with coupons subjected to uniform cur- 
rent densities the influence water 
composition could be weighed. Conclu- 
sions were: Water with more chlorides 
was most corrosive. Under cathodic 
corrosion conditions, loss was less than 
1/10 that under anodic conditions but 
pH has greater importance. Under 
anodic conditions water composition is 
more significant. 

Under negative potentials tests cou- 
pons were evaluated under varying con- 
centrations chlorides, Current density 
continued most significant 
variable while pitting was more pro- 
nounced with additions of chlorides up 
ppm but somewhat less when 
amounts greater than this were added. 

7.7 


was found slightly alkaline. Later on, 
when the corroded test pieces were 
taken out, pH, specific conductivity, 
and were examined twice, 
order find how the components 
were changed. Results however, showed 
remarkable change during the time. 

About 100 days after being submerged 
pre-weighed test piece was taken from 
every manhole and the corrosion loss 
measured. About 240 days after the 
pieces were submerged, the 
cedure was followed. Figure shows 
the typical results corrosion test 
pieces removed for the first time. 
this figure, corrosion products have been 
removed from the surfaces. 


Results 
Results the field tests showed that 
corrosion loss test pieces mainly 
controlled the value the potential 
the earth. 
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Figure 2—Installation of corrosion test leads. 


TABLE Values, etc. Components 
Manhole Waters 


Stand- 

VALUE 
Devia- 
Max. Min. | 


tion 
pil 
Specific Con- 
ductivity 
10-475 /cm 
Oz ppm 
CO2 ppm 
HCOs~ ppm 
cr ppm 


Con 
sumption 
ppm 

SOw 


shows results the first 
field tests. for the areas where the 
tests were carried out, the results are 
divided into three classes: Those the 
first area where the potential earth 
the sheaths was anodic, those 
second area where was cathodic and 
those the third area where fluc- 
tuated anodic cathodic. 

Corrosion weight losses also are di- 
vided into three classes. Those where 
the corrosion loss test pieces was less 
than 0.5 those where was 0.5 
1.0 and those where was 
more than 1.0 Whenever the 
potential the earth was over 100 
pitting corrosion was found. Concerning 
the relationship between the compo- 
nents the water and the corrosion 
weight loss test pieces, reliable re- 
sult was obtained, because the potential 
the earth (leakage current density) 
was different every case. 

Because was understood that test 
pieces must under the same electrical 
conditions when the influence the 
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TABLE 2—Fact 


Wi 
Variable Factors 


Current Density (mA/dm?). . 0 Ie 
SO." (mg/l) 0 S2 
HCOs- (mg/l)... 0 A2 


We Ws Ws 
Water-works | Yodobashi M.H.|Amanuma M.H.| Nishiogikubo M.H. 


0.5 3.0 
50 300 
50 5S: a 300 

5 30 

100 4 500 


Note: M.H. means Manhole. 


components upon their corrosion in- 
vestigated, laboratory tests were 
planned. The authors experimented with 
water not only from the manholes 
listed but also from others elsewhere 
the country. The test pieces used 
The tests were different from one an- 
other current density and the length 
the corrosion period follows: (1) 
for hours; (2) 0.2 
for days; (3) current for 
months. 
Results were follows: 


(1) case anodic corrosion Test 
accumulated water including more 
showed greater corrosion. 


(2) case cathodic corrosion the 
Test was found that the quan- 
tity components contained the 
water influenced the corrosion and 
that the loss was less than 1/10 
great case anodic corrosion. 


(3) case anodic corrosion Test 
and many other components 
have influence upon the corrosion. 
The mean value the corrosion 
loss the water manholes in- 
cluding more was 1.37 gr/dm’, 
while that the water man- 
holes containing less was 1.12 


case cathodic corrosion the 
Test the alkali value has great 
influence, but cathodic corrosion 
much less noticeable than anodic. 


case chemical corrosion, the 
weight loss far smaller than an- 
odic corrosion and pits develop. 


Moreover, order study the in- 
fluence water quality upon the cor- 
rosion lead sheaths, several kinds 
ions were put into four samples 
water. Test pieces the solutions 
electrolyzed for two months 


Ca 
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N¢ 
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meg Paes - Figure 3—Appearance of coupons removed from manholes after removal of corrosion products. 
and Their Values Selected the Tests Where lons Were Added 
50.7 154 19.6 24.4 
use 
sul 
are 
(1) 
(2) 
the 
m1 
the 
We 
sh 
th 
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area 
area 
Cathodic area 


less more 
than 1.0 than 
0.5 1.0 


Weight 


gure 4—Comparisons weight losses under anodic, 
anodic-cathodic and cathodic conditions. 


3—Chemical Composition Waters 


Table 
| | 

Quality 
and Com- 

ponents 

of Water Wi We Ws Wa 
7.4 8.1 8.0 
‘ethyl 

Orange 

(m-val) 
\lkalinity 0.98 123 2.93 6.43 
(HCO3~ 

(ppm) (60) (81) (179) (392) 
Phenol- 

phthalein 

(m-val) 
\lkalinity 0 0 0.1 0 

CI- (ppm) 4.7 14.4 67 12.5 

SO." 

(ppm) Trace 11 5 4 

Ca** (ppm) 12 29 41 60 
K 

(ppm) 
Consumption 0.5 4.7 16.0 

NO37 + + 


corrosion loss measured. 
the corrosion test were selected 
shown Table According the lay- 
out orthogonal array experiment 
design, the authors made experiments, 
using sets specimens and re- 
sult obtained significant effects relating 
every factor. Four samples water 
used factors were analyzed with re- 
sults shown Table 

Results the above mentioned tests 
are follows: 


(1) weight loss, current density 
was overwhelmingly more important 
than any other factor. 


(2) Cathodic corrosion was very small. 
Figures and show test pieces 
were corroded when they were elec- 
trolyzed the current 0.5 
faces including corrosion products 
while Figure shows those from 
which they have been removed. 

for anodic samples, measuring 
the depth the corrosion pits with 
microscope, was found that the 
greater the current density the deeper 
the corrosion pits were liable be, that 
when ppm was added the pits 
were the deepest, but when more than 
ppm was added they were somewhat 
shallower. pits were found ca- 
thodic pieces. 


Cathode 


Figure 6—Coupons in Figure 5 after removal of corrosion products. 


Summary 
‘Taking all results field and labora- 
tory tests together, can said that 
the degree lead sheath corrosion de- 
pends not much the components 
manhole water whether the 
potential earth lead sheath an- 
odic cathodic, and the potential 
value, (that is, the out-flowing current 

density from the sheath). 
Accordingly the most effective preven- 
tive method keep the sheath nega- 


tive electrically. polar electrolysis 
switch cathodic protection system 
most useful for the purpose. Usually 
unnecessary pay too much at- 
tention cathodic corrosion chem- 
ical factors. 

The authors express their thanks 
the members the Institution Survey 
Section the Tokyo Urban Communi- 
cation Department for their important 
contributions the experiments. 
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Staining Copper and Brass* 


Introduction 

URE AND ALLOYED copper has 

been refined and used for more than 
five thousand years. The metal es- 
teemed for its fine lustre and possesses, 
addition, excellent resistance chem- 
ical attack. Despite this latter property, 
becomes stained under certain condi- 
tions result surface reactions 
with the environment. this article 
survey staining phenomena cop- 
per and its alloy, brass, will 
presented. 


Invisible Surface Oxidation 

Copper alloys become coated with 
oxide film when exposed clean at- 
mosphere room When 
the oxide-free surface the metal comes 
into contact with the air, oxidation takes 
place initially high rate and thin 
layer oxide formed. This layer 
grows thickness result the 
diffusion copper ions from the metal- 
lic surface through the oxide layer 
its surface contact with the atmos- 
There oxide formation takes 
place, while liberated electrons diffuse 
toward the metal surface. the oxide 
layer becomes thicker and more com- 
pact, the diffusion takes place with 
greater difficulty and after period 
one few hours the growth ar- 
rested. Figure shows the thickness 
the oxide film function the time 

the curve shows, the oxide film 
ness the order but after two 
days still shows slight tendency 
further growth. The oxide layer that 
formed copper clean atmosphere 
room temperature too thin 
visible. Thus does not tarnish the 
surface, but instead offers certain pro- 
tection against tarnishing during subse- 
quent exposure polluted atmosphere. 


Tarnishing 

elevated temperature the oxida- 
tion copper air proceeds higher 
rate than room temperature. The 
process similar, however, that the 
initially rapid, when the 
metallic surface free from oxide, and 
gradually comes halt the oxide 
film becomes thicker and more impene- 
the temperature sufficiently 
high, the oxide layer will after time 
become thick that appears 
coating with characteristically lustrous 
interference colors. The surface then 
said tarnish. The color varies with 
the thickness the tarnish film, 
shown Table 

clean air only elevated 
temperatures that the oxide film cop- 
per becomes sufficiently thick show 
colors. the air contains 


% Submitted for publication January 31, 1957. 
A paper presented at the Thirteenth An- 
nual Conference, National Association of 
Corrosion Engineers, St. Louis, Missouri. 
March 11-15, 1957. 
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fide), copper may tarnish even room 
This because cuprous 
sulfide built into the oxide film 
the metal surface. Since the structure 
cuprous sulfide usually contains nu- 
merous imperfections, enhances the 
permeability the oxide film copper 
ions. The oxidation thus able pro- 
ceed, possibly the point which 
tarnish film becomes visible.’ 


The occurrence this form tar- 
nishing not dependent the metal 
being exposed hydrogen sulfide at- 
mosphere until the tarnish film fully 
formed. suffices that the initial thin 
oxide film contaminated with sulfide. 
The sulfide-contaminated oxide film can 
then continue grow clean air 
room temperature, acquiring interfer- 
ence color, the other hand stated 
that pure oxide film, free from sulfide, 
offers certain protection the metal 
the latter exposed hydrogen 
sulfide containing The con- 
tent sulfide the tarnish film would 
appear vary within wide limits. Ver- 
found that tarnish films formed 
copper exposed indoors London con- 
tained comparatively small quantities 
sulfur; apparently they consisted largely 

Sulfurous tarnish films are formed 
ways other than the action hydro- 
gen sulfide atmosphere. They may arise 
soon sulfur compound comes into 
contact with the metal surface. Thus 
sulfur-base cutting oil drawing lubri- 
cant, used the machining shaping 
copper alloy, may cause tarnishing 
surface. This disability can usually 
avoided degreasing process imme- 
diately after machining.” automatic 


Abstract 


Copper alloys are known for fine 
lustre and high resistance to corrosion, 
but they will tarnish under certain con- 
ditions. A surface oxidation of the 
metals normally occurs under the influ- 
ence of the atmosphere. At elevated 
temperatures this process may result 
colored so-called temper films. The pres- 
ence hydrogen sulfide the atmos- 
phere may accelerate the reaction so 
tarnishing occurs even room 
erature. 

When copper alloys are exposed to 
an outside atmosphere a black film will 
soon form on the surface. After some 
years, however, the film will 
change green patina. 

Ugly dark stains, stains,” are 
formed when copper-base material 
left contact with water for 
lengthy period. Such water damage 
may caused rain condensed 
ilar staining caused hygroscopic 
surface impurities. are 
chlorides coming from tap water that 
has evaporated on the metal surface, 
solder residues, hand perspiration, sul- 
furic acid and dust. 

Copper alloys can protected from 
corrosion by means of passivating in- 
hibitors, slushing compounds, lacquers 
or packaging. 6.3.6 


sulfur-base cutting oil has been known 
cause the metal tarnish during the 
actual operation. The reaction must have 
been assisted the high temperature 
the surface the metal during ma- 

regards the resistance oxidation, 
the literature states that alpha brass with 
roughly equivalent pure copper, 
whereas higher contents give the 
alloy increased 


Green Patina and Its Preliminary Stages 


cities and industrial surroundings 
the air always more less polluted 
sulfur oxides (SO: and the air 
were entirely dry, sulfur dioxide pollu- 
tion would have effect copper 
its alloys.” nature the atmosphere 
never free from water vapor, the pres- 
ence which enables sulfur dioxide 
react with copper-base materials. the 


50 


EXPOSURE TIME HOURS 


Figure 1—Thickness oxide film function 
time on exposure of copper to clean atmosphere at 
room temperature. Kubaschewski and Hopkins. 
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relative humidity the atmosphere 
lower than about percent, however, 
the reaction very slow and there 
hirdly any noticeable change 
metal surface. the humidity higher 
than about percent, the reaction 

rapid that staining 
appears (Figure 2). The surface 
itially covered with rather rough, dull 

ddish-brown film consisting chiefly 

oxide but containing traces 
sulfide and copper sul- 
Outdoors, soot and dust 

likely adhere the rough 
Rain also assists the growth 

darkening the layer corrosion 

oducts, that the copper surface soon 

sumes dark brown black color. 
washing over the copper sur- 
dissolves some the copper sulfate 

the film and, falling off the roof, 

produce brownish stain ma- 

film the copper surface 

not, however, remain unchanged 

definitely. Very slow chemical reac- 
ions take place there; the smoother the 
the more slowly this occurs. Thus 
black cuprous sulfide changes blue 
sulfide (CuS) resembling the min- 
covellite. Green basic copper salts are 
formed which consist chiefly basic 
sulfate resembling brochantite 
but contain small 
quantities basic copper carbonate re- 
and basic copper chloride resembling 
tcr compound tends form mostly near 
the sea under the action salt winds.“ 
result these slow reactions the 
black stain changes 
green patina, Apart from its pleasing ap- 
pearance, the green patina affords pro- 
tection the metal surface against fur- 
ther atmospheric 

Patina generally surface change 
object, signifying old age. Thus the 
natural green patina produced only 
alter many years exposure the 
atmosphere. industrial areas, where 
the air high sulfur dioxide content, 
can form the course few years. 
\Vhere the air purer, copper surface 
retain the black stain for several de- 
cades before the natural green patina 
appears.” Many have been impatient 
this long delay and thus methods have 
devised which artificial green 
patina produced chemical treatment 
the surface. 


Water Stains 


Copper and brass objects may often 
for long periods under water 
Without visible changes occurring. Under 
certain circumstances, however, the 
become heavily stained after be- 
ing contact with water for only day 
so. This phenomenon was studied 
practical example. 

Water often collects between brass 
that are left stacked one an- 
for any length time. 
water-filled space between 
the water will rich 
‘xygen where there contact with the 
but deficient oxygen distance 
such areas. the oxygen-rich 
the metal surface will have com- 
noble electrode potential, and 
the oxygen-poor points less noble 
content the water, elec- 
cell, usually known aeration 
cell, formed. The oxygen-rich portions 
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acting cathode and the oxygen-poor 
anode. When electric current circu- 
lates the cell, electrochemical reac- 
tions take place the two electrodes. 
the cathode there reduction the 
oxygen dissolved the water. the 
anode the copper and zinc are oxidized, 
forming dark copper oxide and white 
oxide. the aeration cell allowed 
operate undisturbed only for few 
minutes, the quantities oxide formed 
the accumulation water remains un- 
disturbed for day more, sufficient 
oxide will form for dark stain ap- 
pear the surface. 

certain evaporation takes place from 
the moisture deposits, even only 
slowly. Therefore the contact surface 
between water and air progressively re- 
cedes—often steps. each occasion 
band remains, showing the outline 


previous anodic area. The process 


results the formation water stains 
with sharply marked contours and often 
with pattern composed series 
bands (Figure 4). Under the miscroscope 
the stain appears dark film (CuO) 
with white patches (ZnO). The water 
stains can form the absence acids, 
bases salts. The only requirement 
varying content oxygen dissolved 
the water. 

Water stains may appear both cop- 
per and brass. comparison the 
resistance different copper alloys 
water stains, the author found 85-15 
brass (85 percent Cu, percent Zn) 
superior either pure copper 
63-37 brass (63 percent Cu, percent 
Zn). 

Some actual experiences water dam- 
age copper-bearing materials are 
commented below. 

Rinse Water 

Water stains have been encountered 
copper and brass objects after pickling 
and rinsing water. This occurs when 
the material stacked coiled while 
still wet from the rinsing bath. Water 
readily collects gaps and pockets and 
causes staining. Such damage can 
easily avoided drying the material 
immediately after rinsing. 


Rain, Melted Snow and Ice 


Rain and melted snow and ice can 
cause damage copper-bearing mate- 
rials transit.” Water may penetrate, 
for example, between stacked sheets 
coils wire and create conditions suited 
aerated cells. When unloaded, such 
materials should not stacked damp. 
They should immediately dried 
stacked such manner that dry air 
can circulate over all their surfaces. 
Normally, however, protection against 
effects rain and snow easily accom- 
plished. 


Condensed Moisture 


_It more difficult eliminate the 
risk condensation the metal. This 
risk present when the metal colder 
than the ambient air, that the air 
contact with cooled below the dew- 
point. This may occur, for example, when 
metal brought direct from the trans- 
port vehicle into warm building, when 
storeroom subject rapid changes 
temperature, when there thermal 
conduction between the metal and 
colder object. 

The risk condensation not solely 
governed, however, the difference 
temperature between the metal and the 
ambient atmosphere. The relative humid- 
ity the storage space also impor- 


99% RELATIVE HUMIDITY 


TIME DAYS 


Figure 2—Weight increase from staining of copper 
in air containing 10 percent sulfur dioxide and dif- 
ferent degrees of humidity. Vernon.” 


Figure sketch aeration cell composed 
of brass and water with varying oxygen content. 


TABLE 1—Relationship Between Color and 
Thickness Tarnish Film Oxidized 
Copper 


THICKNESS TARNISH 
FILM—A 


Campbell 


Constabie|& Thomas 


Color Evans 
Dark brown.... 370 380 190 
410 420 230 
460 450 340 
485 480 
520 500 410 
800 880 
940 980 760 
1170 1200 980 
1240 1260 


tant factor. low relative humidity 
there little risk that the air will fall 
below dewpoint. Satisfactorily low values 
can often maintained keeping the 
indoor temperature few degrees above 
the outdoor since the rela- 
tive humidity falls when air flows from 
the colder environment into the warmer 
building. winter easy keep the 
temperature the storage room above 
the outside temperature. But summer 
the problem more acute. Thus sum- 
mer the relative humidity ordinary 
storeroom usually fairly high, but 
winter when the room heated, can 
generally kept below percent quite 
easily. This means that water stains due 
condensation indoor premises are 
more common summer than winter. 

When impossible raising the 
temperature obtain satisfactorily low 
relative humidity, moisture trap can 
arranged passing the air through 

view the risk staining con- 
densed moisture, sheets and similar cop- 
per alloy materials should not stacked 
indoors immediately after transportation 
under cold conditions. They should 
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Figure 4—Water stains on brass doorplate. 


kept separate for day until they 
have assumed the temperature the 
storeroom. Any condensed moisture that 
present can then readily evaporate 
without causing water stains.” The 
normal storage practice stack sheets 
horizontally. But, already stated, 
variations the indoor temperature may 
cause water collect the 
tween them. preferable therefore 
stand them vertically and slightly separ- 
ated order prevent condensed mois- 
ture from accumulating. 


Staining Hygroscopic Surface 
Impurities 


Salt Stains From Tap Water 


Copper-bearing materials that are 
washed tap water and dried evapo- 
ration may display clean bright surface 
immediately after Dark staining 
appears, however, the material, after 
certain period storage even though 
the temperature has not been below the 
dewpoint. Tests Svenska Metallver- 
Laboratory Vasteras, Sweden, 
have shown that this type staining de- 
pends the occurrence small, hardly 
visible salt crystals the metal surface. 
The salt comes from the tap water resi- 
dues the surface after washing and 
drying. Due their origin, stains this 
character are here called “salt stains.” 
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Tap water. 


: 


Ca(NO 


. 


Figure 5—Brass sheet with salt stains caused different aqueous solutions, 


1955 the Vasteras water supply con- 
tained the following inorganic impurities: 


Total hardness (as Ca) about ppm 
about ppm 
about ppm 


simple test was sufficient reveal 
which these impurities produce salt 
stains copper alloys. brass sheet 
percent Cu, percent Zn) was 
bright-pickled, washed distilled water 
and dried hot air. Ten drops tap 
water were then placed the sheet (Fig. 
upper row), and two drops each 
the following five liquids: distilled water, 
CaCle and CaSO, 
solutions (Figure lower row). The salt 
solutions were prepared 
water, and the concentration the nega- 
tive ion the respective solutions was 
the same the concentration the 
same the tap water. The drops 
the sheet were evaporated drying 
hot When drying was complete, 
trace the water drops was noticeable 
the sheet. This sheet was placed 
atmosphere which had relative humid- 
ity percent, and was kept there for 
hours. After this period, inspection 
revealed heavy dark stains 
drops tap water and solution; 
distilled water and solution 
produced practically stain, and 
and solutions only 
slight traces. Examination the dark 
stains under microscope revealed very 
(Figure 6). 

From the results this test hypo- 
thesis may stated regard the re- 
action involved the formation salt 
stains. Chloride deposits remaining after 
the evaporation tap water are hygro- 
scopic. They therefore attract moisture 
from the ambient atmosphere. This oc- 
curs even above the dewpoint although 
the process stimulated high rela- 
tive humidity. The hygroscopic tendency 
the salt may increased narrow 
gaps and pores through capillary con- 
densation, around the chloride crys- 
tals the metal surface small drops 
concentrated salt solution are formed. 
these drops aeration cells arise, and oxide 
stains are produced described the 
section water stains. 

Tap water (or sea water) should not 
allowed evaporate the surface 
copper alloy. Salt stains originating 
from tap water can avoided one 
the following means: 


Wash the surface before evaporation 
with salt-free water produced, for ex- 


Figure 6—Microphotograph salt stain showing oc- 
curence of we a of liquid on surface. 


ple, removing the salt from tap 
water ion exchange (Figure 7b). 
Wipe off the tap water residue from 
the surface with dry cloth.” 


Remove the tap water residue from 
the surface absorption into wood 
shavings; shavings used for this pur- 
pose should poplar, lime, maple 
birch, but not oak, spruce fir 
which cause staining copper alloys 
(Figure 7e-h).” 

Remove the tap water residue from 
the surface centrifuging agita- 
tion.” 

Remove the tap water residue from 
the surface with water-displacing 
oil; the surfare thereby coated with 
thin film oil which provides some 
protection against corrosion (Figure 


7c) 21 
Solder Stains 


Salt may deposited metal surface 
from other sources than tap water. Certain 
salts are employed, for instance, fluxes 
soldering and welding. the metal 
surface not cleaned after being welded, 
the deposits may cause salt stains.” 
Fingerprints 

When copper alloys are handled with- 
out gloves, characteristic fingerprint pat- 
terns are left the form hand 
perspiration.” The fingerprint first 
hardly noticeable, but after some days 
the pattern appears dark stain. 
latter reality the same character 
salt stains and derives from chemical 
compounds the perspiration such 
sodium chloride, lactic acid and 
varies greatly among individual 
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avoid fingerprints, copper materials 
should handled with gloves. The 
used for the purpose should always 
kept clean. Certain operations, how- 
ever, cannot performed gloves. 
this account tests should made 
persons who show little ten- 
dency leave corrosive fingerprints. 
Commercial testing apparatus avail- 
for the determination the salt 
content and corrosiveness 
different individuals. When 
copper materials without gloves, 
damage can counteracted 
washing the hands alcohol once 
hour. perspiration deposited 
metal surface mistake, the sur- 
will not stain the perspiration 
moved within few minutes. This can 
done with certain corrosion protective 
ols with 95-98 percent 


Stains 

Residues sulfuric acid exercise 
similar that chlorides pro- 
dicing stains copper alloys. This 
due largely the hygro- 
properties the two substances. 
sulfuric acid should not 
alded the last rinse bath after pickling 
copper alloys, sometimes recom- 
mended. This notion supported 
studies made Simmons.” They showed 
that acid content above 0.01 percent 
the rinse water leads staining 
cartridge brass during subsequent stor- 
age. 
Dust Stains 


Certain types dust may also cause 
staining, again due their hygroscopic 
character. example such dust 
silica, originating from the drying agent 
silica gel.” 


Surface Protection 


Various methods exist protecting 
copper alloys against the aforementioned 
forms staining, for example the use 
inhibitors, slushing compounds lac- 
quers different kinds packaging 
materials. 


Inhibitors 


mentioned the introduction, the 
oxide layer with which the metal surface 
becomes coated clean air provides 
certain protection against staining 
copper alloys. The protection afforded 
this film not particularly great. But 
can improved treatment with 
inhibitors, which have the property 
arresting the staining process the sur- 
face. 

appreciable protection obtained 
percent aqueous solution 
chromate alkali immer- 
sion time seconds-2 minutes has 
heen recommended,” and temperature 


solution about 25C. The objects 


then should carefully rinsed water 
and dried hot air other conven- 
tional means. Figure shows the effect 
bichromate dipping brass sheet 
(72 percent Cu, percent Zn) which 
the bichromate dip has been washed 
tap water containing chlorides, dried 
hot air and thereafter stored for three 
days atmosphere percent rela- 
humidity. Salt stains are shown 
sheet (a), but not the 
treated sheet (d). The effect 
bichromate treatment pure copper, 
owever, rather slight. 

The surface change that produced 
the bichromate treatment 
the surface with greater resis- 
staining has not been fully elu- 


STAINING COPPER AND BRASS 


i 


Figure 7—Appearance of brass sheets (72 percent Cu, 28 percent Zn) washed in Vasteras tap water and 

kept for three days in atmosphere of 90 percent relative humidity after removal of water by different means. 

0.8X. Code letters follows: a—Dried hot air without pretreatment surface; b—Dried hot air 

after washing surface with desalted water; c—Water removed with water-displacing oil; d—Bichromate 

passivated surface dried in hot air; e—Dried with oak shavings; f—Dried with fir shavings; g—Dried with 
beech shavings; h—Dried with birch shavings. 


cidated. oxidation process probably 
occurs, means which the natural 
oxide film the metal becomes thicker 
and less porous.” Certain schools 
thought, however, consider that there 
evidence the formation also thin 
film chromium chromate (about 
thick) the surface during the 
treatment.” Others are the opinion 
that the protection associated with 
surface adsorption chromate 
any case the treatment causes 
noticeable change either the appearance 
the surface dimensions the object. 
From measurements that have been car- 
ried out, however, appears that the 
treatment may occasion some increase 
the electrical contact resistance the 
surface. But this increase small 
cance. 

The literature mentions other sub- 
stances, too, being active inhibitors 
for copper alloys (e.g., sodium benzoate, 
sodium soap and 
control tests, however, the effect the 
first three was very slight, while tartar 
had purely negative effect, actually 
stimulating the staining the 

recent method protecting steel 
against rust the use vapor phase 
corrosion inhibitor. Cardboard paper 
packaging used, impregnated with 
vapor phase corrosion inhibitor which 
has the property sublimating room 
temperature and then depositing the 
packaged metal. VCI usually consists 
amines (e.g., dicyclohexamine nitrite), 
and offers satisfactory protection for 
steel. But certain non-ferrous metals, 
including the copper alloys, VCI may 
stimulate the corrosion Cop- 
per alloys therefore should not brought 
into contact with VCI paper. 


Slushing Compounds 


film grease oil prevents air and 
moisture from coming into contact with 
metal surface and staining it. The film 
should smooth and compact with good 
hiding power, The compound should not 
contain substances that tarnish the metal 
surface.” Many commercial types such 
“slushing compounds” are available, fall- 
ing under the following two main cate- 


Liquid solution oil grease 


volatile solvent, applied dipping, 
perature. When the solvent evaporates, 
thin almost invisible oil-film remains 
which provides certain protection 
for the metal surface. Certain agents 
this type also possess water-displac- 
ing properties, can used for 
removal water from metal surfaces 
(Figure 7c). 

Mineral oil and grease varying vis- 
cosity, with possible addition cor- 
rosion inhibitors. They are applied 
dipping, brushing spraying, usually 
hot condition. fairly thick film 
oil grease thereby formed which 
provides satisfactory protection 
against corrosion. 


Lacquers 


Copper alloys are sometimes protected 
against staining coating with trans- 
parent lacquer. Cellulose lacquer (e.g., 
Zapon lacquer), often has been used for 
this purpose earlier, but has the draw- 
back that damaged water and 
changes temperature. Nowadays, how- 
ever, plastic lacquers are available which 
are more resistant such strains. 

The author has carried out storage 
tests tropical exposure chambers with 
results which suggest that the high pol- 
ish bright-pickled brass excellently 
maintained the surface first bichro- 
mate-passivated and then coated with 
plastic lacquer polyurethane 
metacrylate type.) 

Packaging 

copper alloys are protected against 
water and atmospheres high relative 
humidity, staining avoided. Protection 
can attained packaging materials 
that are little pervious water and water 
vapor. multitude materials with such 
barrier properties are commercially avail- 
Some typical examples are men- 
tioned below: 


Ocean paper Atlantic paper, con- 
sisting asphalted kraft paper. 


Waxed, paraffin oil impregnated 
paper. The wax can also applied 
dipping the complete package 
melted wax. 

Fabric-base laminate, consisting 
fabric base coated with wax and pos- 
sibly also with plastic film. 
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Aluminum foil, possibly laminate 
form conjunction with plastic sheet- 
ing. 

Plastic cloth. 


Plastic cocoon formed hot-dipping 
spraying the object. The plastic 
film formed not adhesive but can 
easily stripped 


Closed metal containers (e.g., boxes 
zinc sheet tinned steel plate 
sealed soldering). Care should 
taken that not spilt the 
packaged metal. Containers are also 
available with closely sealing, re- 
movable 


Packaging should done room 
with low humidity, that the quantity 
water vapor enclosed the package 
small possible.” Special attention 
should paid the sealing the joints. 
The package necessarily will contain 
certain quantity water vapor: firstly 
the quantity that was enclosed the 
package when was sealed, secondly 
vapor that leaks into the package. With 
changes temperature the water vapor 
may condense and cause damage. This 
eventually guarded against enclos- 
ing water the package, 
silica gel activated aluminum oxide 
being suitable types. The drying agent 
should enclosed dust-tight bags of, 
for example, close-woven cotton fabric 
special type perforated paper. Other- 
wise dust from the drying agent may 
deposit the metal surfaces and cause 
staining described Porous 
cardboard also functions some extent 
water absorbent.” 


Finally, the choice packaging ma- 
terial care should taken avoid ma- 
terials that may directly produce stains 
the packaged metal. Thus wrapping 
paper with high content chlorides, sul- 
also oak and beech wood which, especi- 
ally when green, may give off corrosive 
organic warning also given 
the against impregnated 
wood for the packaging metals, since 
certain impregnating agents may cause 
staining the article. 


Summary 


The copper alloys are known for their 
fine lustre and high resistance corro- 
They tarnish nevertheless under 
certain circumstances. surface oxida- 
tion the metals normally occurs under 


the influence the atmosphere. ele- 
vated temperatures this process may re- 
sult colored so-called temper films. 
The presence hydrogen sulfide the 
atmosphere may accelerate the reaction 
that tarnishing occurs even room 


When copper alloys are exposed 
outside atmosphere black film will soon 
form the surface. After some years, 
however, the film usually will change 
pleasing green patina. 


Ugly dark stains, “water stains”, are 
formed when copper-base material left 
contact with stationary water for 
lengthy period. Such water damage may 
caused, for example, rain con- 
densed moisture transit storage. 
similar staining caused hygro- 
scopic surface Typical exam- 
ples are chlorides deriving from tap water 
that has evaporated the metal surface, 
solder residues, hand perspiration, sul- 
furic acid and dust. 


Copper alloys can protected from 
corrosion means passivating in- 
hibitors, slushing compounds, lacquers 
packaging that provides seal against 
water vapor. 
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DISCUSSION 


Comments Tracy, The Ameri- 
can Brass Company, Waterbury, Con- 
necticut. 

reference the use sulfuric acid 
rinse water, solution having about 
will inhibit tarnishing brass during 
drying, but the use such solution 
not practical. The solution not buffered 
and its quickly changes. Tartrates 
rinse water will inhibit tarnishing brass 
during dry-out and will give some subse- 
quent inhibition tarnishing. Brass sur- 
faces treated with acid bichromate will 
have considerable resistance tarnishing, 
but such treated surfaces may not hold lub- 
ricants well surface not treated with 
chromate and thus give some difficulty 
subsequent cupping operations. 


Any discussions this article not published above 


92t 


will appear the June, 1958 issue 
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Electrochemical Deterioration Graphite 
And High-Silicon Anodes 
Sodium Chloride Electrolytes* 


Introduction 
ORROSION metals aqueous 


media normally involves electro- 
hemical current flow through the elec- 
rolyte between anodic 
reas. Metal oxidation and solution oc- 
the process the anodic areas. 
mitigation entails interrupting 
his current flow insulation the 
introduction high resistance the 
ircuit, removal the electrolyte, 
cathodic protection. 

Cathodic protection utilizes direct 
urrent from external auxiliary anode 
polarize the local cathodes the 
metal under protection the potentials 
the local anodes, thereby eliminating 
local potential differences and the re- 
sulting corrosive current flow. The en- 
tire protected surface becomes the cath- 
ode electrolytic cell. Two types 
anodes and current sources may util- 
ized this cell, namely: (a) galvanic 
sacrificial systems using anodes 
more active metals 
which are deteriorated the process 
providing the protective current, (b) 
energized anode, impressed current sys- 
relatively inert anodes 
and external direct current sources. 


Energized anode systems have the ad- 


vantages flexibility control, higher 


capacity, lighter weight, and longer life. 
Disadvantages include dependence 
external current source and the require- 
ment some form manual auto- 
matic control for 
ness. 

The life energized anode system 
largely influenced the inertness 
the anode material under service con- 
ditions, and anode design. The rap- 
idly expanding Navy cathodic 
protection program for the protection 
ship hulls against corrosion has empha- 
sized the importance establishing the 
characteristics anode 
materials for the development appro- 
priate designs and_ 
connection, the Material Laboratory 
the New York Naval Shipyard in- 
vestigating the properties various 
materials well anode designs 
‘or ship hull protection. Since Reserve 
ships are moored harbors con- 
‘aining waters which vary from fresh 
‘hrough brackish sea water, the in- 
the electrolyte composition 
inode behavior was considered impor- 
ant. 

This paper describes certain the 
nvestigations the electrochemical be- 
graphite and cast high-silicon 


* Submitted for publication April 1, 1957. A 
paper presented at the Thirteenth Annual 
Conference, National Association of Corro- 
sion Engineers, St. Louis, Missouri, March 
11-15, 1957. 


Abstract 


Laboratory methods were developed for 
correlating electrochemical deterioration 
rates of various graphite and high- 
silicon iron anodes with current drain 
NaCl electrolytes 50, 1000 and 
5000 ohm-centimeter specific resistivi- 
ties. The test apparatus and procedure 
are described and data obtained are 
presented. The influences of specific 
resistivity the electrolyte and an- 
odic current the electro- 
chemical deterioration rates were 
investigated, Deterioration of graphite 
increases with increasing specific resis- 
tivity or decreasing NaCl concentration 
of the electrolyte. The effect of impreg- 
nation of graphite anodes on the electro- 
chemical deterioration rates and the 
variation this effect with electrolyte 
specific resistivity are indicated. Addi- 
tional investigations in 16.3 ohm- 
centimeter NaCl electrolyte have been 
added to permit closer correlation with 
sea water conditions, Data on_high- 
silicon iron anodes in high-resistivity 
electrolytes indicate lower deterioration 
rates than achieved with graphite an- 
odes and such applications are recom- 
mended for consideration. In 
low-resistivity solutions, chemical at- 
tack high- silicon iron chlorine 
generated and trapped at the anode 
surface can appreciable and should 
be considered in anode designs and ap- 
plications. 5.2.3 


iron anode materials. laboratory test 
apparatus and procedure were developed 
for correlating the electrochemical de- 
terioration rates graphite and high- 
silicon iron anodes with current drain 
and electrolyte specific resistivity 
sodium chloride 
Graphite has long been used the 


Figure 1-—Graphite anode specimens. Samples are, 
left right: machined, masked, and after 


electrolysis. 


electrochemical industry anode 
material for the production chlorine 
and chlorates the electrolysis brine 
solutions. Laboratory investigations 
graphite anodes brine electrolyses for 
the production chlorine and chlorate 
are described and 
respectively. Concentrated brine solu- 
tions, elevated temperatures, high cur- 
rent densities, high ratios anode sur- 
face area electrolyte volume, and dia- 
phragm separated anodic and cathodic 
compartments were characteristics 
their investigations which are not nor- 
mally present ship hull cathodic pro- 
tection installations. Chemical reactions 
and theoretical considerations regarding 
the effect impregnation graphite 
anodes are discussed Joffe.* 
generally that attack 
graphite closely associated with oxy- 
gen discharge the anode surface. Fac- 
tors affecting the ratio oxygen 
chlorine produced, influence the dete- 
rioration rate graphite anodes. Chloride 
concentration, cell voltage, temperature, 
and overvoltages oxygen and chlorine 
are important this respect. 


laboratory test consumption rates 
high-silicon iron anodes was reported 
Experiences with high- silicon 
iron anodes were reported elsewhere.” 
While these dealt with laboratory and 


Figure 2—High-silicon iron anode specimens. Sam- 
ples are, left to right: as cast, masked, and after 
electrolysis. 


4, 24 
The 
y and 
195;, 
Nich- 
18 : 
27-14 § 
19-221 
No. 
56-362 
Nich. § 
Wein- 
. The 
and 
1954, 
. The ' é 
1954, 
| 
: 
: 


a 


SIDNEY TUDOR supervisory chemist (physical) 
charge of the Electrochemistry Unit at the Material 
Laboratory, New York Naval Shipyard, Brooklyn. His 
experience includes research in cathodic protection, 
electrolytic derusting, polarography and_electro- 
chemical surface reactions. He has a BA from 
Brooklyn College and an MS in chemistry from New 


CORROSION——-NATIONAL 


ASSOCIATION CORROSION ENGINEERS 


ARTHUR TICKER chemist the Material Labo- 
ratory, New York Naval Shipyard, Brooklyn. For the 
past three years has been occupied with research 
and development of cathodic protection systems as 
applied to the hulls of naval vessels. He previously 
worked in the fields of metal chemistry and protec- 
tive coatings. He has a BS in chemistry, Long Island 


Vol. 


York University. He is a member of NACE. 


WALTER MILLER—Head the Metal Chemistry 
Section, Material Laboratory, New York Naval Ship- 
yard, Brooklyn, he entered government service in 
1930 and has been occupied in problems associated 
with the chemistry of metals since 1934. He has a 
BA in chemistry from Columbia (1929) and has had 
additional courses Pratt Institute and Brooklyn 
Polytechnic Institute. Among other technical organ- 
izations he is a member of NACE. 


University (1941) and ye member of NACE and 


Miller 


Figure 3—Battery of three electrolytic test cells. 


service tests under various specific con- 
ditions, there were correlations 
anode consumption with water resistiv- 
ities comprehensive comparisons with 
ments. 
Description and Apparatus 

Specimens 

Graphite anode test specimens were 
0.50-inch diameter 6-inch rods ma- 
chined from 60-inch anodes 3-inch 
diameter. Anode specimens were 
masked, using Wrap” covered 
tive adhesive tape, expose 2.46-inch 
length, 3.86 square inches surface. 
Typical graphite specimens machined, 
masked, and after electrolysis are 
shown Figure 

High-silicon iron test specimens were 
diameter long cast- 
ings with diameter nail insert 
protruding from one end. These anodes 
were similarly masked expose 1.64- 
inch length, 3.86 square 
certain instances the masking included 
coating stop-off lacquer. Typical 
specimens high-silicon iron anodes 
are shown Figure 


Apparatus 


Electrolytic test-cell tanks were 10- 
gallon glass-walled aquaria 


Preiser 


less steel frames which were arranged 
batteries three, shown Figure 
Each tank was equipped with tem- 
perature regulator, heater, thermometer, 
stirrer, and electrode assembly shown 
Figure Constant level control de- 
vices for each tank were provided 
replace water lost evaporation 
electrolysis, and thereby 
sultant changes electrolyte volume 
and concentration, The electrolytes con- 
tained salt concentrations 9.259, 0.399, 
and 0.0727 grams NaCl (USP grade) 
per liter, corresponding specific re- 
sistivities 50, 1000, and 5000 ohm- 
centimeters respectively the operating 
electrolyte were contained each tank. 
Tests also were conducted electro- 
lytes containing 31.86 grams per liter 
NaCl and corresponding approxi- 
mately 16.3 ohm-centimeters specific re- 
sistivity This approximates the 
salt concentration sea water 
parts per thousand chlorinity. 

Cathodes consisted mild steel strips 
the same width the exposed anode 
specimen length formed into 9-inch 
diameter ring. Conducting strips the 
same material and wooden supporting 
members were provided position the 
anode concentrically within the ring and 
support the electrode assembly the 
tank. The cathodes were painted with 
stop-off lacquer expose only the in- 
terior ring surface. Electrode assemblies 
for graphite and high-silicon 
spectively are shown Figures and 


Measurement electrolyte was 
made with meter utilizing glass 
indicating electrode and saturated cal- 
omel reference electrode. Specific resis- 
tivity the electrolyte was measured 
means conductivity bridge with 
platinized platinum conductivity cell 
having cell constant approximately 
0.8. Open-circuit anode potentials ver- 
sus saturated calomel electrode were 
made with precision portable poten- 
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Fig 


Figure 
drav 
with high-silicon iron anode. 
tiometer. Density irregularly shaped 
exposed graphite sections 
mined means pycnometer de- cons 
signed especially for the purpose. chat 
Procedure the 
Graphite specimens, machined from 
large anodes, were weighed and masked The 
prior electrolysis. Except other- 
wise noted, graphite anodes were the 
impregnated type. the conclusion 
each electrolysis, the electrodes were 
withdrawn from the electrolytes and the 
masks were removed from the anodes. 
The anodes were then rinsed flowing 
tap water for several hours, and finally 
distilled water. They were then dried 
cator, and weighed. Corrections were 
made for initially present moisture and 
volatile material which was determined 
separate specimens cut from the fron 
same large anode. 
High-silicon iron Det 
were degreased, dried 110 cooled 
desiccator, weighed, and masked seri 
prior electrolysis. The electrolyses 
were periodically interrupted obtain fina 
weight loss data. Electrodes were with- 
spec 
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Figure 6—Electrode assembly, high-silicon iron 
anode. 


drawn from the electrolyte, and mask 
were removed from the 
anodes. The anodes were then either: 


Rinsed flowing tap water, dried 
110 cooled desiccator and 
weighed, 


Brushed with stiff bristle brush, 
then rinsed, dried, cooled and 
weighed above. 


The electrolyses were conducted 
constant current and Me- 
chanical stirring was provided mini- 
mize local compositional differences within 
the electrolyte. Electrolytes were checked 
for specific resistivity and the 
start and periodically during each run. 
The electrolytes were renewed from 
time time. The potential differences 
between the electrodes each test cell 
were measured selected intervals. 


Results and Discussion 


Progress Deterioration 


Graphite. The progress deteriora- 
tion graphite anodes amperes per 
square foot shown Figure The 
anodes were periodically withdrawn 
from the electrolytes, rinsed, dried and 
weighed described under Procedure. 
function time this case. similar 
series was operated continuously for the 
duration the test with comparable 
final results. 

Figures 8-10 show graphite anode 
specimens the conclusions several 
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Figure 7—Progress deterioration graphite anodes 
at 2 amps/sq ft in NaCl electrolytes. 


Figure 8—Graphite anode specimens after electrolysis 
at 2 amps/sq ft for 308.5 hours in, left to right: 
50, 1000 and 5000 ohm-cm NaCl. 


test runs. The increase severity 
attack with increase 
tivity the NaCl electrolyte illus- 
trated. Some necking the ends 
the exposed sections was observed, par- 
ticularly high resistivity electrolytes 
and high current density (Figure 10). 


High-Silicon Iron. The progress 
deterioration high-silicon iron anodes 
amperes per square foot shown 
Figure 11. Anodes were periodically 
dried and weighed without removing 
the coating formed during electrolysis 
(except for the final weighing). High 
initial weight losses were recorded 
the lower resistivity electrolytes. Ex- 
clusive the initial periods, weight loss 
was approximately linear function 
time each electrolyte. 


similar series (excepting that the 
loose coating was brushed off before 
each weighing), the high initial deterio- 
ration was again observed, particularly 
the low-resistivity electrolyte (see 
Figure 12). Exclusive the initial pe- 
riods, the deterioration rates recorded 
were again approximately linear, Similar 
high initial rates were recorded, particu- 
larly the low-resistivity electrolytes, 
per square foot. amperes per 
square foot, deterioration 
with time from the start shown 
Figure 13. The appearance the anodes 
the conclusion this electrolysis 
shown Figure 14. Some necking 
the anode specimens the ends the 
exposed section evident. The anode 
which operated the ohm-centimeter 


Figure 9—Graphite anode specimens after electrolysis 
at 5 amps/sq ft for 263 hours in, left to right: 50, 
1000 and 5000 ohm-cm NaCl. 


’ 


Figure 10—Graphite anode specimens after electrol- 
ysis at 25 amps/sq ft for 48.6 hours in, left to right: 
50, 1000 and 5000 ohm-cm NaCl. 


electrolyte exhibited the greatest sever- 
ity attack and surface roughening. 

The high initial deterioration rates 
recorded for the high-silicon iron anodes 
the influence time (test 
duration) results, particularly low- 
resistivity electrolytes. test periods 
sufficiently long duration, this initial 
effect minimized. short duration 
tests, the linear deterioration rate, ex- 
clusve initial periods, considered 
more representative than the over-all rate 
long term service conditions. 


Variation Deterioration Rate with 
Current Density and Specific 
Resistivity Electrolyte 


Average deterioration rates graph- 
ite and high-silicon iron anodes, ex- 
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Figure 11—Progress of deterioration of high-silicon 

iron anodes at 2 amps/sq ft in NaCl electrolytes. 

Anodes were periodically dried and weighed without 
removing coating (except in final weighing). 
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Figure 12—Progress of deterioration of high-silicon 
iron anodes at 2 amps/sq ft in NaCl electrolytes. 
Coating was brushed off before weighing. 


pressed grams per square decimeter 
per day, functions anodic current 
densities and electrolyte specific resis- 
tivities are shown Figure 15. Anode 
consumption inches per year (based 
uniform wear) indicated the 
additional scales the right the 
graph. 


Graphite. any particular current 
density, the deterioration rate increases 
with increasing specific resistivity 
the electrolyte. the higher current 
densities, the influence specific resis- 
tivity the electrolyte the deterio- 
ration rates thus expressed becomes 
more pronounced. 

When the current density scale 
made uniform instead being con- 
densed, certain relationships are appar- 
ent. the 5000 ohm-centimeter NaCl 
electrolyte, the deterioration rate 
graphite approaches linear function 
the current density between the limits 
and amperes per square foot, 
illustrated Figure 16. the 1000 
ohm-centimeter solution, illustrated 
Figure 17, the deterioration rate ap- 
proached linearity with current density 
amperes per square foot, after 
which there was slight decrease the 
slope the curve. The ohm-centi- 
meter electrolyte produced much low- 
deterioration rate, with marked de- 
crease the ratio deterioration 
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Figure 13—Progress of deterioration of high-silicon 
iron anodes at 25 amps/sq ft in NaCl electrolytes. 
Coating was brushed off before weighing. 


current density the higher current 
densities shown Figure 18. 


High-Silicon Iron, Since large initial 
deterioration rates were recorded, par- 
ticularly the lower current densities 
and the lower specific-resistivity elec- 
trolytes, both the over-all and approxi- 
mately linear (eliminating high initial 
periods) rates are included Figure 
general, deterioration rates, ex- 
pressed grams per square decimeter 
per day, increased with increasing cur- 
rent density. Also speaking generally, 
deterioration rates decreased 
creasing resistivity electro- 
lyte 1000 ohm-centimeters. The 
high initial deterioration rates are gen- 
erally greater and more prevalent the 
resistivities and lower 
current densities, shown the differ- 
ences between overall and linear values. 
When the current density scale made 
uniform, Figures 16-18, the dete- 
rioration rate shows some relation 
current density, but considerably less 
linearity than obtained for graphite. 

Average deterioration rates graphite 
and high-silicon iron anodes, expressed 
pounds per ampere year, functions 
anodic current densities and electrolyte 
specific resistivities produced the graph 
shown Figure 19. The electrochemical 
reciprocal the deterioration 
process, defined the ratio the theo- 
retical deterioration rate the actual 
value, indicated the scales the 
right the graph. Theoretical dete- 
rioration rates were calculated follows: 

For graphite, 2.163 pounds per am- 

pere year, based the conversion 
carbon carbon dioxide. Car- 
bon dioxide not necessarily the 
only product graphite oxidation, 
but this reaction used here for 
reference purposes. 

For high-silicon iron, 17.9 pounds 

per ampere year, based nomi- 
nal composition 14.5 percent sili- 
con and 85.5 percent iron, with the 
formation and ferrous ion. 
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Figure 14—High-silicon iron anode specimens after 
electrolysis at 25 amps/sq ft in, left to right: 50, 
1000 and 5000 ohm-cm NaCl. 


significant that maximum electro- 
chemical reciprocal efficiency the de- 
terioration process desirable for maxi- 
mum anode life. 

For graphite, electrochemical re- 
the deterioration resulting from com- 
plete conversion carbon carbon 
dioxide. However, the electrochemical 
attack accompanied mechanical 
deterioration which causes the separa- 
tion particles graphite without oxi- 
dation. This was particularly noted 
the high-resistivity electrolytes, where 
large portion the anode deterioration 
took this form. Reciprocal efficiencies 
less than 1.0 are attributed principally 
this type attack. 


Graphite 


Unimpregnated graphite anodes were 
found deteriorate more rapidly than 
impregnated anodes operated under the 
same conditions. illustrated Fig- 
ure 20, the value impregnation re- 
ducing anode deterioration inverse 
function the specific resistivity the 
electrolyte this instance. Impregna- 
tion graphite anodes employed 
maintain electrolytic action 
anode surface and prevent deterioration 
the internal pores. Attack below the 
surface weakens the physical strength 
the graphite structure, causes me- 
chanical damage with granulation and 
separation particles graphite, and 


Specific | 
Resistivity 
of NaCl 
Electrolyte | 
Sample at35C | 
Number Impregnation (ohm-cm) | 
| Yes 50 
2N6... coud No 50 
Yes 1000 
3N6... No 1000 
Yes 5000 
4N6.... aie No 5000 


| Density (Grams — 
Duration 
(Days) Sample Section Section 
1.697 1.690 1.602 
7.2 1.566 1.564 | 1.347 
10 1.708 1.696 | 1.593 
72 1.535 1.525 | 1.366 
10 1.711 1.701 1.602 


| 
| | Decrease Decrease 
| | in Density in Change 
Decrease | Calculated in Density 
in | Volume to Equal Due to 
Density Loss Volume Loss | Impregnation 
(Percent) (Percent) (Percent) 
| 2.020 | 5.78 61.6 
| 15.07 
| 6.35 | 46.5 
11.87 
5.50 41.4 
9.38 
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ELECTROCHEMICAL DETERIORATION GRAPHITE ANODES 
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Figure 15—Deterioration rates of graphite and high-silicon iron anodes. 


TABLE Corrosion Products High-Silicon Cast Anodes 


Specific Resistivity 
of NaCl Electrolyte |— 
at 35 C (ohm-cm) 


Sample Number 


Major Constituents (Percent) ** 


97.4 1.29 0.19 
96.3 1.59 0.59 


* Nominal composition of the high- dlc cast iron is: 


Manganese—0.65 percent; Iron—remainder. 
** Sample previously dried at 110 C. 


Silicon—14.35 ‘Cott 85 percent; 


*** X-ray diffraction showed that the samples were essentially non-crystalline, indicating that silicon is 


resent primarily as amorphous silica. 


important factor reducing anode 
service life, particularly low-resistivity 


electrolytes. the process impregna- 


tion, the interior pore surfaces are 
coated with impregnant which insu- 
lates the surface and limits electrolytic 
action. Drying oils, waxes, resins, and 
variety other materials have been 
used impregnants. Unsaturated dry- 
oils served impregnants the 
zraphite used for this study’. 


The effect electrolysis am- 
peres per square foot the density 
zraphite anode specimens shown 
dication granulation. Determina- 
tions percentage impregnant 
exposed and unexposed sections the 
impregnated anodes listed Table 
means extraction with alcoholic 
potassium hydroxide, indicated ap- 
preciable general removal impreg- 
electrolytic action. The effect 
f impregnation on minimizing the 
change density the graphite anode 
specimen increases with decreasing spe- 
resistivity the electrolyte. 
proper impregnation appears 
extending anode life the specific re- 
sistivity the electrolyte decreases. 


Comparison Graphite with High- 
Iron Anodes 

rates graphite iron 
19, indicates the following: 

the 16.3 ohm-centimeter NaCl 

electrolyte, deterioration rates for 


high-silicon iron are higher than 
for graphite current densities 
and amperes per square 
foot. 

the ohm-centimeter electro- 
lyte, deterioration rates for graph- 
ite are higher than for high-silicon 
iron the lower current densities. 
This reversed current den- 
sity amperes per square foot. 


the 1000 and 5000 ohm-centi- 
meter solutions, deterioration rates 
for graphite are considerably 
higher than for high-silicon iron. 


Surface Effects Iron 
Specimens 

The results analysis residual 
coatings deterioration products 
high- silicon iron anodes are presented 
Table each instance the coat- 
ing was determined principally 
amorphous silica, Coatings 
formed various current densities and 
various specific resistivity electrolytes 
were similar chemical composition, 
although the physical structure varied. 
Coatings produced lower-resistivity 
electrolytes were generally coarser and 
less adherent than those formed 
higher resistivity solutions. 

Undercutting was observed the 
ends the exposed sections high- 
silicon iron anode specimens num- 
ber electrolyses, particularly the 
low-resistivity electrolytes. This may 
attributed chemical attack under the 
masking material chlorine, generated 
the anode surface and trapped under 
the mask, forming blue-green ferrous 
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Figure 16—Deterioration rates of graphite and high- 
silicon iron anodes in 5000 ohm-cm NaCl. 
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Figure 17—Deterioration rates of graphite and high- 
silicon iron anodes in 1000 ohm-cm NaCl 
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Figure 18—Deterioration rates of graphite and high- 
silicon iron anodes in 50 ohm-cm NaCl 


hydroxide. The masking arrangements 
were modified some instances the 
use stop-off lacquer place 
the wrappings. Only partial success 
was achieved, and chemical attack under 
the masks was not completely elimi- 
nated all instances. The susceptibility 
high-silicon iron anodes this form 
NaCl electrolytes should considered 
anode material selection and design. 
high-silicon iron alloy containing 
molybdenum reputed more re- 
sistant such attack and presently 
under investigation. 


Open-Circuit Potentials 
The open-circuit potentials referred 


saturated calomel electrode “as 
cast” and “previously electrolyzed” 


high-silicon iron and graphite anode 
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Figure 19—Deterioration 


specimens are illustrated Figure 21. 
The relative inertness the “previously 
electrolyzed” 
con iron specimens compared the 
“as cast” surface illustrated the 
differences the initial readings. Tests 
graphite showed there was little dif- 
ference potential between impreg- 


nated and unimpregnated graphite 
specimens. 
Anode Service Tests 

Shipboard service tests full-size 
graphite iron anodes 
are being conducted Material 
Laboratory the New York and Phil- 
adelphia Group Sites the Atlantic 
Reserve Fleets. The New York site 


has low-resistivity sea water, while the 
Philadelphia site has high-resistivity 
water. intended correlate the 
results these tests with laboratory 
the influence temperature deterio- 
ration rates also being conducted 
increase understanding anode behav- 
ior and facilitate this correlation. 
addition the electrochemical deterio- 


ration, the service tests are also con- 
cerned with anode design and construc- 
tion. 
Summary 
test procedure has 


been developed for correlating 
chemical deterioration rates graphite 
and high-silicon iron anodes with cur- 
rent drains and the specific resistivities 
NaCl electrolytes. 

Deterioration rates graphite 
with increasing resistivity 
the electrolyte between 16.3 and 5000 
ohm-centimeters. Deterioration rates 
high-silicon iron anodes generally de- 
crease with increasing specific resistivity 
the NaCl electrolyte 1000 ohm- 
centimeters, reversal this 
trend was recorded 5000 ohm-centi- 
meters, 


Deterioration rates graphite, ex- 
pressed pounds per 


1000 


ITY OHM- CENTIMETER 


rates of graphite and high- 


silicon iron anodes (Ibs/amp yr basis.) 
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Figure 20—Effect of impregnation in 
deterioration rates of graphite anodes 
electrolytes. 
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Figure 21—Open-circuit potentials. 


generally decrease with increasing cur- 
rent density between and amperes 
per square foot. Deterioration rates 
high-silicon iron, similarly expressed, 
generally increase with increasing cur- 
rent density between and amperes 
per square foot. 

Deterioration rates graphite and 
high-silicon iron, expressed grams 
per square decimeter per day, increase 
with increasing current density, with 
the relationships approaching linearity 
the high-resistivity electrolytes. 

trolyte and amperes per square 
foot, high-silicon iron deterioration rates 
exceeded corresponding rates for graph- 
ite. the ohm-centimeter electro- 
lyte, graphite deterioration 


ceeded those for high-silicon iron except 
amperes per square foot where 
this relationship was reversed. 
1000 and 5000 ohm-centimeter electro- 
lytes, deterioration rates graphite 
exceeded the corresponding rates for 
high-silicon iron between and am- 
peres per square foot. Speaking gener- 
ally, graphite deterioration rates were 
lower than those high-silicon iron 
low-resistivity electrolytes and higher 
high-resistivity electrolytes. 

Impregnation graphite anodes 
appreciably reduces deterioration rates. 
The influence impregnation increases 
with decreasing specific resistivity 
(as determined am- 
peres per square foot). 
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While all possible variables have 
rot been covered this investigation, 
anodes and impregnated graphite 
each show distinct superiorities 
certain specific operational con- 
itions, and neither may considered 
-uperior under all conditions. 
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DISCUSSION 


Comment Richard Lowe, Ca- 
thodic Corrosion Control Ltd., London, 


England: 


new rectifier anode material has been 
developed C.C.C. Ltd. London. 
This material lead alloy which has 
the ability form tightly adherent 
tough oxide film which conductive. 


This film reduces the lead consump- 
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becomes almost 
manent anode. Tests carried out 
date indicate consumption less 
than 0.2 year current den- 
sities ranging from amps/sq ft. 
The material has been operated 
100 amps/sq for test purposes 
but the range 5-15 that recommended 
present. 


tion that 


The chief application for this mate- 
rial will sea water but tests are 
present being carried out deter- 
mine the top limit far resistivity 
concerned for fresh water applica- 
tions. 


Reply Tudor: 


Mr, Lowe’s comments lead alloy 
anodes serve illustrate the point that 
graphite are not the 
only possible anode materials. view 
the well-known use lead alloys 
teries, the authors have been investi- 
gating such alloys for cathodic protec- 
tion but are not free disclose results 


this time. 


Any discussions this article not published above 
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Protective Linings for 


Steel Shipping 


Introduction 

URING THE past years, 

substantial advancements have 
been made lined steel shipping con- 
tainers for packaging corrosive chemical 
products. Some estimates place the pro- 
duction lined drums about per- 
cent the million heavy-gage drums 
manufactured per year. Large usage 
lined pails also has developed. Increased 
usage lined steel containers appears 
certain continue. 

Advances lined steel containers 
have come about through continued re- 
search and development lining mate- 
rials and their application under produc- 
tion New and improved 
types organic coatings have been de- 
veloped during the past few years, metal 
cleaning and conditioning has been im- 
proved, better application methods have 
been introduced into the plants, baking 
the coatings controlled more care- 
fully, and quality-control methods have 
been advanced. 

This paper presents discussion 
(1) conditions affecting lining perform- 
ance, (2) lining application methods, 
(3) methods for testing evaluating 
linings, and (4) types linings. 


Conditions Affecting Lining 
Performance 

The performance container lin- 
ing dependent upon number fac- 
tors: (1) condition the metal surface, 
(2) chemical and physical characteris- 
tics the lining resistance 
chemical attack product packaged, 
adhesion, flexibility, and permeability), 
(3) control application conditions, 
and (4) control curing conditions. 


Metal Surface Conditions 

Contaminants the metal surface can 
cause early failures otherwise excellent 
linings. Careful cleaning remove dirt 
and grease extremely important. 

The scale hot-rolled sheet 
portant effects linings. laboratory 
investigations the effect scale, linings 
often stood longer when applied over 
plied over cold-rolled steel. However, 
even the most flexible linings break 
loose from the hot-rolled steel points 
impact. This occurs because the scale 
does not adhere tightly the steel. Fig- 
ure shows the scale adhering pure 
phenolic coating broken loose from so- 
called “tightly scaled” hot-rolled sheet. 

Rupture and flaking the lining 
mechanical abuse such dropping the 
drum, bumping it, rolling its roll- 
ing hoops objectional lining failure. 


o Submitte d for publication February 26, 1957. 
A paper presented at the Thirteenth Annual 
Conference, National Association of Corro- 
sion Engineers, St. Louis, Missouri, March 
11-15, 1957. 
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Therefore, the regular hot-rolled steel 
commonly used for 
drums must have scale removed chemi- 
cally mechanically avoid sacrificing 
much the advantage gained 
from flexible lining materials. 


the other hand, tightly scaled, hot- 
rolled sheets may satisfactory for the 
pure phenolic-lined drums. The pure 
phenolics are inherently brittle that 
little lost applying them “tightly 
scaled” hot-rolled steel. The pure phen- 
olics flake off points impact 
does not matter the scale flakes off 
also. 

Heavy, loose scale, the other hand, 
detrimental all lining materials. 
Heavy, loose scale often near the 
edges the steel sheets. This heavy 
scale caused early failures the lining 
system through corrosion the metal 
substrate. 

The type surface roughness pro- 
duced shot grit blasting can en- 
hance the mechanical bonding the 
lining the metal. 

Production methods blasting, how- 
ever, produce some problems lined 
containers. Thin films lining mate- 
Consequently, thicker linings are often 
necessary. The porosity thin lining 
applied over medium rough grit-blasted 
surfaces shown Figure The elec- 
trographic printing method’ was used 
show this porosity. 


Abstract 

Substantial advances have been made 
protective linings for steel shipping con- 
tainers during the past ten years. These 
advances have resulted from research 
lining materials, the improvement 
application methods, and improved metal 
surface preparation before painting. 

Factors affecting lining performance 
include such matters as metal surface 
conditions, chemical and physical char- 
acteristics of lining, and lining applica- 
tion and curing. Tests for linings and 
lined containers 
ance, coating continuity, lining thickness, 
reverse-impact resistance, and degree of 
cure. The types lining materials avail- 
able are also described. 5.4.3 


rough blasted surface has another 
undesirable effect linings. The sharp 
peaks can cause rupture flexible lin- 
ings points impact when loaded 
containers are bumped dropped. The 
problems caused the rough surfaces 
normally obtained production blast- 
ing makes desirable use fine 
(small particle) grade shot grit 
possible. Very careful control also 
necessary avoid roughening the sur- 
face too much. these methods, some 
sample sheets have been prepared with 
measured (Profilometer) average rough- 
ness about 100 150 microinches 
less. This desirable range. Excellent 
surfaces measuring less than micro- 
inches have been obtained the labora- 
tory blasting with fine sand 
slurry sand and water, but they are 
not practical production, Liebman’ 
has stated that for good anchor and 
optimum performance typical paint 
systems, the anchor depth should not 
exceed one-third the total paint thick- 
ness. However, for container linings 
even smoother surfaces are desired. 


While other factors such the orig- 
inal type and roughness the surface, 
method blasting, and blasting time 
affect surface roughness, some interest- 
ing relationships between grit size and 
surface roughness were also noticed 
one experiment. Starting with cold- 
rolled steel with surface roughness 
about microinches (Profilom- 
eter reading) the following approximate 
surface roughnesses were obtained from 
several sizes grit and sand blast- 
ing: (1) G-40 grit—300 350, (2) G-50 
grit—240-280, (3) G-80 170, 
(4) G-120 90, (5) sand—120- 
150, (6) very fine sand—40- 60, and (7) 
slurry sand and 


Comparisons surface roughness ob- 
tained several different methods 
surface preparation are shown Figure 
Pictured are photomicrographs 
tapered sections cut through the 
sheets that had been mounted nickel. 

Metal phosphate treatments also have 
pronounced effects Thin 
phosphate coatings are desirable for 
maximum resistance the linings 
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Fiqure 1—Underside of clear phenolic coatings loos- 

ered from steel blow struck back steel 

Coatings right were loosened from cold- 

rolled steel. Coatings on left were loosened from 

hct-rolled steel and have scale adhering to the 
coatings. 


Figure 2—Electrograph prints showing porosity of 

unpigmented phenolic coating (approximately 0.4 mil 

thick) applied over grit-blasted surfaces measuring 

about 250-300 micro inches (Profilometer) surface 
roughness. 


mechanical abuse. Heavy powdery 
coatings have the same dele- 
terious effect scale the adhesion 
the linings the base metal when 
subjected impact. 

The effect the phosphate pretreat- 
ment chemical resistance the lin- 
ing seems differ with the various 
products packaged. Evidently, the phos- 
phate pretreatments improve the resist- 
ance the organic linings some aque- 
ous solutions, but are detrimental when 
packaging products that readily attack 
dissolve the metal phosphates. 


Chemical and Physical Characteristics 
Lining 

The chemical and physical character- 
istics the lining are interrelated 
effects lining performance. 
the lining material must chemi- 
cally inert the product packaged. 
must not dissolved, swollen, badly 
embrittled the chemical product. 
However, chemical inertness alone 
not enough. The lining must have ex- 
cellent adhesion the metal and must 
retain its bond the metal during long 
contact with the chemical product. 
illustrate this point, Figure shows 
polyurethane lining that lost adhesion 
during months’ exposure (120 
detergent solution. The coating film 
appears essentially undam- 
even though was stripped com- 
from the steel surface the area 
exposed the chemical product. The 
corrosion products are visible the 
t 


etal surface and the underside 

peeled coating. 
The degree permeability the lin- 
material also highly important 
relates the rate which the 
penetrates the lining con- 
the metal surface. This penetration 
the lining and the displacement the 
from the metal surface the 
( 


iemical product causes failures 
and blistering. Actually, permea- 
lity the lining and adhesion, the 
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loss adhesion through displacement 
the film from the metal surface, are 
related factors affecting peeling and 
blistering. 

The flexibility the lining and its 
adhesion are also important properties. 
These two properties are related factors 
the ability lining withstand 
mechanical abuse through rough han- 
dling the container. 


Lining Application and Curing 

The application the lining an- 
other important consideration. The lin- 
ing must carefully applied ensure 
adequate thickness and freedom from 
porosity. Generally, the drum linings are 
spray applied the preformed shells, 
heads, and bottoms and then these parts 
are assembled afterward. The assembly 
the precoated parts causes damage 
the lining. Roller-coat application also 
used some extent for lining 5-gal- 
lon pails. The lining roller coated onto 
the flat sheet before forming. 

During hand spraying drum shells, 
careful control required obtain ade- 
quate and uniform thickness the lin- 
ing. The spray application can con- 
trolled more readily with automatic 
spray equipment and more this type 
equipment being installed con- 
tainer plants. Currently, some drum 
plants are studying the use airless 
spraying methods and the incorporation 
electrostatic spraying. They report 
that excellent control lining thickness 
and uniformity are possible these 
newer methods. 

The highly resistant linings used 
steel shipping containers are mostly 
high-bake coatings. customary 
use baking temperatures 400-450 
even higher. Careful control the bak- 
ing times and temperatures necessary 
the performance the lining. 
ficient baking decreases 
sistance and overbaking causes embrit- 
tlement the lining. 


Tests for Linings and Lined Containers 


Various tests have been devised for 
evaluating linings the laboratory and 
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Figure 3—Photomicrographs tapered sections 22-gage cold-rolled container stock given various surface 
treatments. 
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maintaining quality control lined con- 
tainers. 


Product-Resistance Test 

When selecting lining for packaging 
new chemical product, corrosion cells 
test cups are used test the lining 
the laboratory. The test cell shown 
Figure The test cell consists glass 
cylinder held horizontally with the 
coated test panels clamped each end 
the glass cylinder. The cell approx- 
imately half filled with the test chemical 
that the coated panels are exposed 
the product, the vapor above it, 
and the liquid-vapor interface. ad- 
vantage for the test cell the use 
flat panels. The amount coating can 
easily controlled and the thickness 
the coating can easily measured. 
addition, reverse-impact tests, which will 
described later, can easily made 
the flat panels before and after ex- 
posure the chemical product. 


Test cups also are used widely the 
container industry. The small cups are 
stamped from container stock. The in- 
side the cup lined with the coating 
tested and then partially filled with 
the chemical product. The test cells 
test cups are stored for periods sev- 
eral months room temperature and 
frequently higher temperature 
about 120 accelerate the test. 

The testing coated panels cups 
good screening-test method, but 
does not supply the final answer. Lin- 
ings that stand satisfactorily these 
screening tests are given final test 
the steel container itself. common 
practice supply sample-lined drums 
representing actual production condi- 
tions the chemical packager for final 
testing the lining with his products. 


Testing Coating Continuity 

Since the continuity coating 
its completeness coverage highly 
important, several tests are available for 
showing porosity the coating. This 
can done with copper sulfate solu- 
tion, which plates out copper the 
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Figure 4—Failure of greta geen lining by loss of 
adhesion. Coated steel panel was exposed to deter- 
gent solution for three months at 120 F. 


Figure 5—Test cell used to evaluate container linings 
in laboratory. 


voids, with acidic solution potas- 
sium ferrocyanide which forms blue 
spots ferric ferrocyanide the voids. 
Another excellent laboratory method for 
showing porosity print- 
ing which gives permanent picture 
the pores the This method 
was developed Shaw and Moore’. 


Lining Thickness 

The control lining thickness an- 
other important consideration lining 
performance. Linings that are too thin 
may give coverage and pro- 
tection the metal. too thick, the lin- 
ings may brittle. 

Many types electrical gages are 
now available for measuring the thick- 
ness the linings without damaging 
One such instrument the Gen- 
eral Electric Plating Thickness Gage, 
which gives direct reading for film 
thickness dial. 


Reverse-Impact Resistance 

The type mechanical physical 
abuse that container linings receive are 
bumping the drum, dropping it, roll- 
ing the loaded drum along its roll- 
ing hoop. Therefore, tests are used 
indicate the ability the lining with- 
blow struck the back, uncoated 
side the test panel. Several types 
impact testers are available, each based 
the same general principle. One such 


instrument has two-pound weight that 
can dropped through measured 
height strike blow %-inch- 
diameter rounded tip contact with the 
back the test panel. Many linings 
today are formulated withstand re- 
verse-impact excess 60-inch 
pounds. 


Degree Cure Linings 

The quick methods for determining 
the degree cure linings are not 
wholly satisfactory. rub test using 
rag wet with strong solvent such 
acetone has some value quick test. 
addition, color the baked lining 
and its flexibility resistance reverse 
impact frequently can used fairly 
reliable indication its degree cure. 
The best way ensure adequate cure 
through very careful control bak- 
ing times, temperatures, and production 
conditions once the proper schedule has 
been determined for given 


Types Container Linings 

While some comparatively high-price 
specialty linings are used steel drums, 
the great demand for linings that are 
low enough cost for use single-trip 
containers. Oleoresinous varnishes were 
among the first linings used for single- 
trip containers. However, insufficient re- 
sistance hard-to-package products 
limits the use these 
ings applications sanitary linings. 

Vinyl linings have excellent resistance 
both acidic and 
ance various linings approximately 
hundred chemicals and hard-to-pack- 
age products, the high baked phenolic 
and epoxy-phenolic type linings almost 
always have stood better than 
linings. This, course, applies thin 
linings (about 1.5 mils). The thin 
vinyl linings find many applications 
container linings, particularly for 
packaging food products. Thicker vinyl 
linings the organosol type find appli- 
cations for packaging detergents, emul- 
sions water and other water-based 
products. 

The pure phenolic linings are most re- 
sistant the widest variety hard-to- 
package products all the single-trip 
container linings. the negative side, 
they have relatively poor resistance 
alkali. addition, they are brittle 
that they are easily damaged rough 
handling the containers. 

The phenolics have been modified 
blended with other resins such poly- 
vinyl butyral polyvinyl formal ob- 
tain better flexibility. Their chemical re- 
sistance generally decreased such 
modification. 

Perhaps the most outstanding com- 
binations with phenolics are obtained 
from epoxy resins. The epoxy resins 
have excellent flexibility and adhesion 
the metal surface. However, they 
not have much over-all chemical 
resistance the phenolics, exception 
being their excellent resistance al- 
kali. 

Certain combinations epoxy resins 
with pure phenolics produce linings hav- 
ing chemical resistance approaching that 
the pure phenolics. Actually, some 
cases the epoxy-phenolics are more re- 
sistant than the pure Their 
excellent chemical resistance combined 
with their excellent flexibility 
sistance reverse-impact makes them 
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the preferred lining for packaging 
products single-trip containers. 

Polyethylene might appear 
excellent lining material for 
containers because its chemical ine 
ness. However, lacks the 
needed for good adhesion and eas 
displaced from the metal liquids 
vapors that diffuse through the 
thylene coatings. 


Thick films polyethylene (20 
mils) have found some specialty 
cations returnable drums. 
ylene bags also have found sorie 
applications and have even been 
for additional protection 
tainers. The bag may barrier 
rust entering the product even 
some the product diffuses through 
bag and corrodes the steel. There are 
some disadvantages using 
bag containers. For example, the bag 
may drop down into the product when 
emptying the drum resealing and 
the bag requires extra handling the 
filling process. 


The trichlorofluoroethylene polymers 
are extremely resistant attack al- 
most all chemicals and solvents. Even 
so, the difficulties applying these 
polymers linings along 
high cost has discouraged their use 
container linings. 

Many other types resins and plas- 
tics have been considered for lining con- 
tainers. Air drying chemically cat- 
alyzed types coatings, such those 
containing vinylidene chloride-acryloni- 
trile copolymer, styrene-butadiene, neo- 
prene, and catalyzed epoxy resins, 
might find some specialty applications. 
However, the baked 
epoxy-phenolic, modified phenolics, and 
vinyls are the mainstays the chemi- 
cally-resistant linings used new, sin- 
gle-trip containers. general, the 
chemical resistance the high-baked 
type linings substantially superior 
the air-dried chemically catalyzed 
type. 

the future, the demand for lined 
containers will probably increase new 
chemical products come the market. 
Continued research and development 
programs will necessary keep 
abreast the demands. The research 
now being done plastic films lam- 
inated the metal sheet may result 
their practical use 
tainers. Some the plastic films such 
vinyl chloride and Mylar, which are 
now available, have excellent chemical 
resistance. present, problems remain 
developing satisfactory adhesives for 
bonding the films the sheet metal and 
obtaining coverage the welded side 
seam. 
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Introduction 


YONSIDERABLE PROGRESS has 
been made nitrite inhibition 
corrosion since the pioneer paper 
and Smith’ 1943 the pre- 
the injection sodium nitrite solu- 
tions. This especially true with respect 
ferrous metals. Although some contri- 
butions the mechanism nitrite ac- 
tion have been made, the theory cannot 
said all complete. This paper 
reviews number successful practical 
the hope stimulating the use the 
method and bringing about further in- 
vestigation its fundamental details. 


Comparison With Chromates 


Nitrites are anodic inhibitors the at- 
tack iron and steel nearly neutral 
saline solutions, shown the en- 
noblement the corrosion potential and 
the decrease the attacked area the 
addition sufficient They are 
thus rather similar chromates their 
action, and show further similarity 
being anodic inhibitors the similar at- 
tack tin.* Like chromates, nitrites oxi- 
The higher-valent forms both metals 
form even more sparingly soluble hy- 
drous oxides than the lower-valent, 
and there thus prima facie case 
apply nitrites the oxidation-precipita- 
tion theory Hoar and 
originally developed for chromates’. 
When solution soluble nitrite 
nous salt, precipitates containing 
sumed that the inhibitors can produce 
similar precipitates corrosion anodes 
sufficiently close contact the metal 
give adherent and coherent solid 
block, anodic inhibition explained. 
have suggested that the anodic 
blocking action largely caused ad- 
sorption unreduced chro- 
ions monolayers the anodic 

surfaces. While this hypothesis 
not rejected out hand, the 
bulk the evidence—chemical and ra- 
against it, and 
difficult fit into general electro- 
and electrode-reaction theory. 


Whatever the detailed mechanism 
inhibition, shares certain prac- 
teal advantages and disadvantages with 
given chromates. Nitrites can take 
care considerable concentrations 
simultaneously 
the concentration nitrite re- 
naturally increases with increase 


*% Submitted for publication May 8, 1957, A 
paper presented at the Thirteenth Annual 
Conference, National Association of Corro- 
sion Engineers, St. Louis, Missouri, March 
11-15, 1957, 
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such cases, with chromates, can 
complete. However, too little nitrite 
present, localization the attack may 
lead its intensification depth, which 
can dangerous where penetration 
thin metal sections important. The 
concentration nitrite required for com- 
plete inhibition the saline attack 
iron and steel the same order that 
somewhat less, 
sometimes somewhat more—and very 
much less than the concentration car- 
bonate, phosphate etc. required for com- 
plete inhibition. 

Nitrites also have certain advantages and 
disadvantages not shared chromates. 
They have very much less action organic 
materials generally than chromates. 
the same token, they are less poisonous and 
have serious effect the skin. Sodium 
nitrite usually cheaper than the com- 
parable grade sodium chromate. 
minor advantage, important one appli- 
cation (see below), that nitrites are 
colorless. the other hand, nitrites can- 
not used systems where the general 
below about 6.5 where the 
likely become low locally, owing 
the production the too volatile and too 
unstable nitrous acid. Furthermore, there 
much evidence that they may take part 
microbiological reactions, becoming 
destroyed the process. Their use 


Nitrite Inhibition Corrosion: 
Some Practical Cases* 


Abstract 


The general features of nitrite inhibition 
and the mechanism of its action, so far 
as known, are discussed. Particular 
cases of nitrite inhibition in hydraulic 
fluids, cutting fluids, storage fluids, fire- 
extinguishing plant, ‘canned goods, auto- 
mobile cooling systems and marine tur- 
bine systems are then reviewed. The 
advantages and disadvantages of nitrite 
inhibition, especially as compared with 
chromate inhibition, are pointed out. 


5.8.2 


large-scale cooling water systems con- 
taining micro-organisms has been pre- 
vented such reactions. 


Examples Practical Nitrite Inhibition 


The following practical cases illustrate 
some recent experience nitrite inhi- 
bition the United Kingdom. 


Hydraulic 

When necessary use water 
rather than oil hydraulic fluid, for 
economy large systems elimi- 
nate the fire risk, customary in- 
corporate 1-5 percent emulsified oil the 
fluid improve lubrication and in- 
hibit corrosion. However, the water 
contains more than minimal quantities 
dissolved salts and especially can 
become contaminated with chloride, 
can easily occur sea, localized corro- 
sion steel parts—exacerbated de- 
emulsification the oil—can occur. This 
especially true crevices and situa- 
tions favorable for galvanic action. Such 
corrosion can usually eliminated 
the addition sodium nitrite 0.5 
percent w/v*, the necessary concentra- 
tion depending the concentration 
the contaminating the au- 
thor’s experience, nitrite has been more 
successful than chromate 
does not produce de-emulsification at- 
tack the oil, has deleterious action 
organic washers and has beneficial in- 
hibitive influence the corrosion any 
white metal Nitrite itsélf has 
deleterious action any copper 
brass parts the however, 
view the production ammonia 
from under some—not all—conditions, 
would wise ascertain whether 
sufficient ammonia damaging 
copper and brass formed, before using 
nitrite inhibition systems containing 
these metals. 


Cutting Fluids 

Aqueous cutting fluids are used with 
some 5-20 percent emulsified oil, assist 
lubrication and inhibit corrosion. During 
passage through the machine system 
they eventually become somewhat de- 
emulsified. this stage, especially the 


*0.5 ¢ in 100 ml of solution. 


| 


water used contains some chloride and 
sulfate, they may become very corrosive 
cast-iron machine beds and ferrous 
swarf. The corrosion can completely 
inhibited small concentrations ni- 
trite, around 0.1-0.2 percent w/v, are 
and (unlike chromate) such ad- 
ditions are entirely free 
health hazards. possible make™ 
cutting-oil concentrates, which are 
water-in-oil emulsions containing “soap” 
and blender the water phase, with suf- 
ficient sodium nitrite dissolved 
water phase produce good inhibition 
the diluted cutting fluid. 


Storage Ferrous Articles 

Several applications nitrite inhibi- 
tion the storage ferrous articles 
have been made. sometimes neces- 
sary during fabrication, especially 
small welded constructions, store steel 
tube, strip sheet parts the descaled 
pickled condition without any applica- 
tion organic corrosion preventive. 
such cases storage under aqueous 
solution 0.5-1.0 percent w/v sodium 
nitrite, preferably with the addition 
little sodium carbonate phosphate 
ensure mild alkalinity, has proved ef- 
fective and convenient. cast iron parts 
should maintained. 


Longer-term storage small wrapped 
steel articles, where again organic pro- 
tectives are undesirable, has been greatly 
assisted the use sodium-benzoate 
impregnated paper. especially corro- 
sive saline atmospheres (e. humid hot 
marine conditions), the additional use 
nitrite impregnation has 


Fire Extinguishing Appliances 

Fire extinguishers fabricated terne- 
solder-coated mild steel are, the 
United Kingdom, often required hold 
mains water for long periods, and 
all times ready for instant The 
water, usually expelled CO: pressure, 
must clean and not rusty otherwise 
colored. Even the best terne- solder- 
coated interior likely have one 
two very small flaws the coating, 
which may lead rusty water, 
rare cases perforation. Chromate in- 
hibition unsuitable because many users 
object the yellow color chromate. 
However, 0.25-1 percent w/v sodium 
nitrite with very small concentration 
sodium carbonate maintain alkalinity 
has given excellent service over many 
vears. The very slow corrosion solder 
cold dilute nitrite solution prac- 
tice disadvantage; the lead corrosion 
ble nitrite remains take care any 
exposed steel. 

the hydraulic testing fire-extin- 
guisher pressure vessels, small concen- 
tration sodium nitrite and carbonate 
the recirculated testing water very 
advantageous preventing general cor- 
rosion the system. especially ben- 
eficial preventing rust staining 
undried tested vessel. The further addi- 
tion phenolphthalein such testing 
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water has been used assist unskilled 
operatives; the pink color disappears 
small extra dosage soda given. 


Canned Products 


The adventitious presence small 
amounts sodium nitrite meat prod- 
ucts packed tinplate cans un- 
doubted assistance helping inhibit 
saline corrosion both exposed steel- 
base and tin very different 
product—a pesticidal solution containing 
chlorinated organic compound emul- 
sified water with casein under mildly 
alkaline conditions—was packed bare 
mild steel drums with success except for 
occasional batches having higher solu- 
ble chloride content than These 
produced large areas anodic attack 
the drums, covered mounds precip- 
itated casein. The trouble was completely 
the addition 0.5 percent 
w/v sodium nitrite. 


Automobile Cooling Systems 


Automobile radiator systems are fab- 
ricated that several metals are simul- 
taneously contact with the cooling 
water. major corrosion problem 
that the cast-iron 
especially waters containing glycol 
anti-freeze. This rusting not only may 
interfere with heat transfer serious 
matter around exhaust valves) but may 
also lead clogging the narrow sec- 
tion radiator tubes. 


One the better corrosion-inhibitive 
schemes that devised Wormwell, 
cent w/v sodium nitrite and 1.5 per- 
cent w/v sodium benzoate added 
the coolant. The nitrite prevents at- 
tack the ferrous parts and the ben- 
zoate eliminates corrosion solder 
nitrite, which can severe high 
coolant temperatures. The maintenance 
alkalinity phosphate, carbonate 
additions also very desirable 
such systems. 


Marine Lubrication Systems 


During World War II, certain old de- 
stroyers developed leaky cooling sys- 
tems during action, leading severe 
chloride contamination the water 
the turbine lubrication system. The ma- 
jor ensuing corrosion was pitting the 
turbine journal bearings. This was not 
especially serious itself, but pro- 
duced enough ferric hydroxide emul- 
sify oil and water the lubrication 
system and prevent their proper separa- 
tion. This trouble was investigated 
the and was corrected 
the addition sodium nitrite the 
The nitrite addition was 
injurious, but instead was beneficial 
the white metal bearings 
system. 


Conclusion 
The above examples the practical 
use nitrite inhibition have been drawn 
from wide field typifying the varied 
uses the method. will have been 
noted that the several advantages 


Any discussions this article not published above 


will appear the June, 1958 issue 
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nitrite inhibition compared with 
chromate are all exemplified. 
disadvantage, the microbiological 
tion nitrite referred above, was 
cause the eventual failure 
scale use nitrite cooler 
with open, recirculating water. 
problem could overcome, perhaps 
the joint use bactericidal agents, 
other large field for nitrite inhibition 
would opened. 

Confidence nitrite inhibition 
greatly increase the detailed 
nism its action were established fo: 
few cases. This problem for thcse 
interested corrosion reactions 
physical chemistry and metallurgy. 
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DISCUSSION 


Question Coburn, Association 
American Railroads, Chicago, 
Illinois: 


there direct relationship between in- 
creasing chloride ion concentration and 
nitrite ion requirements? 


There indeed direct relationship 
between the chloride content the en- 
vironment and the nitrite content neces- 
sary for complete inhibition ferrous 
corrosion, The relationship not linear, 
and varies with the particular conditions. 
Thus, for drops pure sodium chloride 
solution mild 0.001 nitrite 
will take care 0.001 chloride, and 
0.01 nitrite will take care 0.1 
chloride. But for mild steel im- 
mersed diluted more nitrite 
required inhibit such mixture that 
0.001 chloride, and 0.3 nitrite 
for one that 0.1 chloride. 
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Corrosion Amine Gas Treating 


FRANCES LANG and MASON, JR. 


Introduction 


VARIOUS ethanolamines, such 
mono-, di-, and tri-, are organic 
and their general chemical prop- 
ties are analogous those ammonia 
many respects. Because their alka- 
nature they are not actively corro- 
toward cast iron and mild steel 
used the pure state solu- 
with water glycol moderate 

However, the development the 
process for the removal acid 
gises hydrogen sulfide and carbon 
oxide), from natural and refinery gases 
aid the amine-glycol process for the re- 
gases and water from petro- 
products has created set cor- 
problems. 


These matters have been investigated 
extensively Riesenfeld, Blohm and 
who found two general meth- 
for coping with the difficulties; 
modification process conditions, and 
the use properly selected alloys. 


the purpose this paper 
present the results some laboratory 
findings associated with the basic causes 
corrosion difficulties amine gas 
treating systems. This supplemented 
with data derived from plant corrosion 
tests operating equipment used for 
the production ethanolamines, well 
information about the use amines 
stripping acid gases from hydrocarbon 
streams. The laboratory investigations 
cover corrosion several alloys de- 
composition products monoethanola- 
mine, the effect the presence iron 
sulfide sludge the amine and the 
damage which can result from high 
velocity flow and turbulence. The spool 
holder method field testing 
stantially accord with the ASTM 
Recommended Practice for Conducting 
Plant Corrosion Tests 


Laboratory Investigations 


several instances the literature, 
degradation products primary amines 
have been referred possible 
source accelerated corrosion. Little 
progress was made, however, 
pointing the offensive compounds until 
recently; study Steele, Polder- 
man and the most corrosive con- 
stituents the regenerated amines were 
isolated. These were 1-(2-hydroxyethyl) 
imidozolidone-2 and the diamine, amino- 
ethyl-ethanolamine. The former not 
basic nor does absorb acidic gas. 
hydrolysis the diamine formed. Cor- 
rosion mild steel was shown 
the amount diamine 
present amine solutions. Because 

its reportedly corrosive nature, ami- 
onoethanolamine 


Submitted for publication April 9, 1957. A 
paper presented at the Thirteenth Annual 
Conference, National Association of Corro- 
sion Engineers, St. Louis, Missouri, March 
11-15, 1957. 


Abstract 


Corrosion tests were conducted the 
laboratory on_ steel, stainless steels, 
Monel, and nickel in amine solution 
saturated with carbon dioxide and hy- 
drogen sulfide. The effects tempera- 
ture, pressure, and amine concentration 
and the presence sludge were ex- 
plored. Types 304 and 316 stainless steel 
gave consistently low corrosion rates 
under all conditions. Monel was satis- 
factory when carbon dioxide or hydro- 
gen sulfide were present singularly in 
the amine but mixtures of the gases 
were Hydrogen sulfide alone 
in amine solution was not highly cor- 
rosive any the alloys. Corrosion 
increased with increase severity 
conditions. 

Results number field corrosion 
tests in operating equipment under a 
variety of conditions of temperature and 
concentration are given together with an 
interpretation of the data in the light 
of practical experience. 8.4.3 


was selected the amine for series 
corrosion tests. Nickel, Monel, Inconel, 
Incoloy, Types 304, 316 and 410 stain- 
less steels and mild steel were tested. 
Effects concentration amine, ratios 
acid gases, temperature and pressure 
were investigated. 


Experimental Procedure 


The experiments were carried out 
glass-lined nickel autoclave. Specimens 
were attached through porcelain insula- 
tors shaft the autoclave head 
and the shaft was rotated ft/min- 
Solutions were preheated the 
autoclave before introducing 
mens. When gas was used, solu- 
tions were saturated while heating up. 
During tests, gas was bubbled into the 
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solution and out through condenser 
was maintained all runs which 
gases were used. pure amine 
tions not saturated with gas the valve 
the condenser was cracked. Conse- 


TABLE 1—Corrosion Tests Pure Solutions 


— 


Experimental Conditions 


Pres- 


+ 


Conc. Corrosion Rates, ipy 
Percent Temp. sure 
Test No. Vol. °F psig | Monel| Nickel | Inconel) Incoloy| 304 316 410 Steel 
240 atm 0.001 0.012 | 0.001 <0.001 |<0.001} 0.001 | 0.001 0.001 
Ya 10** 240 atm 0.001 | <0.001 0.001 0.001 | <0.001 nil 0.001 | <0.001 
100** 240 atm 0.002 0.003 | 0.002 0.002 nil nil 0.001 0.002 
0.003 0.002 0.001 nil nil 0.001 0.010 


285 atm 0.001 


Note: Test conditions were as follows: Volume: 4000 ml; Motion: 35 ft./min; Aeration: No air added 


Time: 21 hours; Area: 0.423 sq. dm. 
* Monoethanolamine 
** Aminoethyl-ethanolamine 


_TABLE Tests Amine Solutions Saturated With Carbon Dioxide 


Experimental Conditions 
Conc. Pres- 


CORROSION RATES, ipy 


Steel 


Test % Temp.| sure 
No. Vol. by psig | Monel | Nickel 
5 20* 240 10 0.003 0.004 
6 10 240 10 0.001 0.008 
fs 20 240 10 0.002 0.020 
8 100 24 10 0.011 0.164 
9 10 240 35 0.011 0.014 
10 10 285 35 0.005 0.022 
285 0.006 0.040 


Inconel Incoloy| 304 316 | 410 
0.002 <0.001 nil <0.001 nil 0.103 
0.006 0.009 | <0.001 0.005 0.005 | 0.113 
0.027 0.032 0.001 0.007 0.026 | 0.152 
0.352 0.210 0.001 0.001 0.001 0.918 
0.036 0.025 nil <0.001 | <0.001 0.216 
0.024 0.040 0.001 0.005 0.020 | 0.232 
0.046 0.072 nil nil 0.046 | 0.229 


Note: Test conditions were as follows: 
Time: 21 hours; Area of specimens 0.423 sq. dm. 


Volume: 4000 ml; Motion: 35 ft./min.; Flow of CO2: 50 ml/min.; 


* Monoethanolamine, all others Aminoethyl-ethanolamine. 
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Figure 1—Iimpingement attack on a Type 304 stainless steel heat exchanger tube carrying high velocity carbon 
dioxide-rich amine. 


TABLE 3—Corrosion Tests Amine Solutions Containing Hydrogen Sulfide 


Compozition 
of Gas Percent 


CORROSION RATES, ipy 


Hydrogen 
Sulfide 


Carbon 
Dioxide 


Monel | Nickel | Inconel] Incoloy 


0.027 | 0.080 

0.001 021 

<.001 .010 
| 0.003 nil 

nil i <.001 .027 
nil i | nil nil 


Solution: 


quently, small amount air was 
present the autoclave. the solu- 
tions, however, the amount air was 
negligible. Tests were hours 
duration. 


Corrosion was measured weight 
loss. practically all runs, corrosion 
products were readily removed scrub- 
bing with plater’s brush 
soap. 

Preliminary tests using several com- 
binations alloys indicated that the 
presence the eight alloys the same 
solution did not affect the corrosion rate 
any particular alloy. 


Corrosion Tests Pure Amine Solutions 


Results these tests are summarized 
Table monoethanolamine solu- 
tions 240 all corrosion rates were 
low with nickel showing some corrosion. 
aminoethyl-ethanolamine, corrosion 
rates were also low, was expected. The 
rates increased somewhat with concen- 
tration and temperature. The highest 
rate obtained the diamine was 
percent solution 285 where steel 
corroded 0.010 ipy. 


Tests Amine Saturated With 
Carbon Dioxide 


Specimens the eight alloys were 
exposed solutions monoethanolamine 
and aminoethyl-ethanolamine saturated 
with carbon dioxide. Corrosion rates 
are shown Table monoethanola- 
mine carbonate rates were comparatively 
low. carbon- 
ate was more corrosive can seen 
comparing experimental conditions 
and Corrosion rates the diamine 
increased rapidly with concentration; the 
corrosion rates nickel, Inconel, In- 
coloy and Type 410 stainless steel more 
than doubled the concentration 
amine increased from percent. 
100 percent amine the corrosion rates 
nickel, Inconel and Incoloy became 
extremely high. Monel and Types 304 
and 316 stainless steel had low corrosion 
rates all concentrations amine. 


higher temperatures and pressures 
the effect increasing the concentra- 
tion aminoethyl-ethanolamine was 
even more pronounced. This was not 
unexpected. The damaging effects 
high temperature have been well demon- 


psi gauge pressure and percent 
amine, the corrosion rates nickel, In- 
conel, Incoloy and Type 410 stainless 
steel were all over 0.04 inch penetration 
per year (ipy). Monel and Type 304 
and 316 stainless steel still remained 
satisfactory. 


Corrosion Tests Amines 
Containing Hydrogen Sulfide 

Table gives the results corrosion 
tests amine solutions containing hy- 
drogen sulfide and mixtures hydrogen 
sulfide and carbon dioxide. 
ethyl-ethanolamine saturated with hy- 
drogen sulfide alone, none the mate- 
rials showed any weight loss. Appar- 
ently, sulfide film formed 
was further attack. The addition 
small amounts hydrogen sulfide (15 
percent) carbon dioxide decreased the 
corrosion rates all the materials ex- 
cept Monel. With percent more 
corrosion rates Inconel, Incoloy and 
the stainless steels were negligible. 
50:50 gas mixture, rates nickel and 
mild steel also dropped low value. 
The corrosion rate Monel reached 
maximum 0.137 ipy the 50:50 mix- 
ture gases. the ratio hydrogen 
sulfide carbon dioxide was increased 
the corrosion rate Monel dropped off 
again. Apparently, mixtures the two 
gases when they are present nearly 
equal proportions can cor- 
rosive Monel. When there pre- 
dominance either carbon dioxide 
hydrogen sulfide the mixture, Monel 
behaves satisfactorily. 


Effect Sludge 

Accumulations sludge heat ex- 
changers and reboiler tube bundles 
can cause serious corrosion problems. 
Plant tests have 
which dissimilar reboiler tubes became 
tightly bridged with iron sulfide sludge. 
Pitting the less noble metal was at- 
tributed electrolytic action between 
the tubes through the sulfide bridge 
possibly hot wall effect due the 
precipitated sludge. Pitting and acceler- 
ated corrosion carbon steel tubes un- 
der iron sulfide sludge also was re- 
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ported result laboratory tests 
Carlson 

Monel tubes from reboiler unit 
ing heavy sludge deposit were 
amined the laboratory. These 
suffered severe pitting. Specimens 
iron sulfide sludge and the rich 
from the plant were obtained for labor 
tory tests determine what exte 
the presence the sludge influenc 
corrosion. 

Types 304 and 316 stainless steel aid 
Monel were buried sludge under 
amine solution from the reboiler aid 
the corrosion rate Monel was about 
0.014 ipy; the corrosion rates tie 
stainless steels were low. 
protective bluish film formed 
Monel, and putting the 
back for additional two days the cor- 
rosion rate dropped 0.010 ipy. 
350 similar tests the corrosion rate 
Monel increased 0.037 ipy and 
specimen pitted maximum depth 
mils. The increase temperature 
did not affect the corrosion rates the 
stainless steels. amine solutions from 
which the sludge was filtered the Monel 
corroded 0.002 ipy and pitting 

Potential measurements were 
between Monel and stainless steel speci- 
mens and briquettes sludge immersed 
amine solution. The sludge was about 
0.26 volt more noble than the metals. 
All the metals had 
about volt using saturated calo- 
mel cell reference electrode. 

least two mechanisms seem plau- 
sible explaining accelerated corrosion 
under sludge. One possibility 
there some galvanic 
tween the metal and the sludge which 
more noble. Another 
nism may lie the action polysulfides 
oxidizing agents remove cathodic 
hydrogen. plant operation the sludge 
may have insulating hot wall ef- 
fect raise the metal temperature gen- 
erally locally increase corrosion 
rates. 

any case, sludge was shown in- 
crease corrosion. efficient filtration 
process prevent the accumulation 
sludge would decrease corrosion. 


Effect Velocity 

Another source failure tubes 
gas scrubbing units was found the 
examination Type 304 stainless steel 
tubing removed from heat exchanger. 
The inside the tubes carried 
percent monoethanolamine solution with 
approximately volumes carbon di- 
oxide per volume amine psig 
and flowing rate 550 gallons per 
minute. the inlet side the tube 
bundle the temperature the amine was 
240 the shell side the tubes 
was percent monoethanolamine so- 
lution with carbon dioxide content 
volumes per volume amine 
psig and 260-280 The tubes developed 
leaks. 

Examination one the tubes re- 
vealed that the inside had 
vere impingement attack which resulted 
perforation the tube wall. Figure 
shows the inside the tube. The 
attack probably was aggravated 
release carbon dioxide bubbles when 
the gas-rich amine contacted the hot 
tube walls entering the tubes, Once 
the tube wall perforated, the amine 
the inside containing the high concen- 
through the leak meet the hotter lean 
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— 
No. 304 316 410 Steel 
, 13 85 | 15 0.008 0.012 0.001 | <0.001 
‘ 15 50 | 50 |} 0.137 | 0.001 | 0.005 0.005 | 0. 
ae Note: Test conditions were as follows: Volume: 4000 ml; Motion: 35 ft./min.; Flow of Gas: 50 ml/min.; 
Ski 3 EEE 20% aminoethylethanolamine; Time: 21 hours; Areas: 0.423 sq. dm; Temp.: 240 F; Pressure: 10 psig. 
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solution the outside. rapid evolu- 
tion carbon dioxide occurred. Release 
the carbon dioxide the rich amine 
down the outside the tube 
gave rise corrosion and thinning 
the shell side. Thinning only occurred 
from the leaks. 


Field Corrosion Tests 


The laboratory tests indicated that 
absence the acid gases, carbon 
and hydrogen sulfide, corrosion 
ethanolamine solutions practically 
toward most the commonly 
metals and alloys. This con- 
med the results shown Table 
wiere specimens different materials 
exposed for days ina 
wit handling 
ning 5-10 percent weight water. 
Tie temperature varied between 338 
374 The data indicate that mild 
under these conditions highly 
resistant corrosion are such alloys 
Monel, nickel, Inconel, the austenitic 
ferritic stainless steels. The speci- 
mens aluminum (1100 aluminum) 
originally 0.031 inch thick and 
were completely destroyed during the 
test period. 

Laboratory tests showed that the acid 
gases, carbon dioxide and hydrogen sul- 
fide are the major corrodants amine 
systems, perhaps abetted the decom- 
position and oxidation products the 
etianolamines themselves. Contributing 
and complicating factors are free oxy- 
gen, high temperatures the metal sur- 
face, and, some instances, organic 
acids such formic and acetic; the lat- 
ter may present the gas may 
decomposition products from prior 
process the stream. 

Corrosion amine units 
encountered principally 
reboilers, reactivators, solution pumps, 
heat exchangers and related piping. Typ- 
ical the severity corrosion mild 
steel and cast iron this service are the 
results shown Table this in- 
stance spool holder was exposed for 
483 days opposite the reboiler inlet 
the reactivator tower handling re- 
cycled water solution 11-15 percent 
diethanolamine containing 10-50 grains 
per gallon hydrogen sulfide. The tem- 
perature varied between 225 and 231 
and the rate flow was about 
ft/sec. The data indicate that specimens 
70-30 copper-nickel alloy, 502 
stainless steel and mild steel, originally 
0.031 inch thick were completely de- 
stroyed during the test period, while 
Types 302 and 304 stainless steel showed 
tendency toward incipient pitting at- 
tack, and Type 410 stainless steel to- 
ward severe localized corrosion. Inconel 
appeared the best the materials 
tested, followed Ni-Resist, Monel and 
nickel. None these materials showed 
any evidence pitting attack and under 
these conditions service Ni-Resist has 
superiority over cast iron about 

Significant corrosion steel 
rarely has been encountered 
tactors absorbers employed either 
the aqueous amine glycol-amine sys- 
tems. Tables and show the degree 
commonly found with mild steel 
aid other materials the amine scrub- 
bag carbon dioxide from hydrogen 
stream refinery and the removing 
hydrogen sulfide and carbon dioxide 
from natural gas. The data show that 
all practical purposes, corrosion 
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negligible order all materials 
tested with the exception the 70-30 
copper-nickel alloy (see Table 7.) 
apparent that nothing better than mild 
steel necessary for the construction 
amine contactors absorbers and 
practical experience has borne this out. 
However, some difficulties have been 
encountered with mild steel this serv- 
ice, due stress corrosion cracking. 
Current standard procedure have 
such vessels stress relieved after fabri- 

The spool holder has not always 
proved practical device for evalu- 
ating the performance metals and 
alloys heat exchanger equipment. Cor- 
rosion data derived this manner 
not take into account the hot wall effects 
and their influence accelerating at- 
tack. axiomatic that specimen im- 
mersed solution any given tem- 
perature will not necessarily corrode 
the same way would the metal 
were used transfer heat the 
same solution vapor. Corrosion 
heated surfaces may aggravated 
such phenomena the hot wall effects 
described Benedicks® some pe- 
culiar acceleration corrosion after 
some critical temperature has been ex- 
ceeded. For this reason, spool test data 
have not been useful and has been 
necessary resort the use pilot 
and full scale tubes evaluating per- 
formance materials amine heat ex- 
changers and reboilers. good example 
the difference results obtained 


TABLE 4—Results Plant Corrosion Test 
Distillation Monoethanolamine Solution 


Indicated 
Corrosion Rate- 
Inch Penetration 
Material Per Year 
Type 302 & 304 S:S.. 0.0005 
0.008 
0.004 
Aluminum 2S (1100 aluminum) * 


Note: Test conditions were as follows: corrosive: 
Monoethanolamine plus 5-10 percent by weight 
water; Temperature: 338 F-374 F; Duration of test: 
36 days. 

* Specimens originally 0.031” thick was completely 
destroyed during test period. 


TABLE 5—Results Plant Corrosion Test 
Reactivation of Diethanolamine Solution 


Indicated 
Corrosion Rate- 
Inch Penetration 


Material Per Year 
Types 302 & 304 S.S.......... <0.0001** 


Note: Test conditions were as follows: Corrosive: 
Water solution of 11-15 percent diethanolamine 
containing 10-50 grains H2S/gal; Temperature: 
225 F-231 Velocity: Duration test 
483 days. 

Specimens originally 0.031” thick were 
ly destroyed during test period. 
** Pitted to a maximum depth of 0.002” during test 
period. 

*** Pitted to a maximum depth of 0.013” during test 

period. 


AMINE GAS TREATING SOLUTIONS 


both methods may illustrated the 
following data and information. 

spool holder was exposed for 293 
days the top exit head re- 
boiler used synthesis gas purifica- 
tion system. The aqueous solution con- 
tained percent weight mono- 
ethanolamine and percent weight 
The temperature varied between 230 
240 and the liquid flow was rate 
10-15 ft/sec. The data obtained from 
this test are shown Table These 
results indicate that all materials tested 
with the exception aluminum (3003 
aluminum) are highly resistant corrosion 
and that mild steel paticularly outstand- 
ing. However, experience with mild steel 
tubes the reboiler showed they had 
life varying anywhere from six weeks 
six months when they failed due 
corrosion. Replacement the mild steel 
tubes with Type 304 stainless steel gave 
life varying from six months year. 
Finally, after trial installation sev- 
eral Monel tubes, was found that this 
alloy was practically unaffected the 
environment and bundle 1200 tubes 


TABLE 6—Results Plant Corrosion Test 
Oil Refinery 


Indicated 
Corrosion Rate- 
Inch Penetration 


Material Per Year 

0.0037 


Note: Test conditions were as follows: Corrosive: 
15-20 percent MEA solution plus dissolved COz and 
Hz; Temperature: 180 F-200 F; Duration of test: 
100 days. 


TABLE 7—Results Plant Corrosion Test 
Amine Scrubbing and From 
Natural Gas 


Indicated 
Corrosion Rate- 
Inch Penetration 


Material Per Year 
0.0033 
<0.0001 
Type 302 & 304 S. <0.0001 
0.0002 


Note: Test conditions were as follows: Corrosive: 
15 percent MEA solution plus dissolved HeS and 
CO2z; Temperature: 230 F; Duration of test: 270 days. 


TABLE 8—Results Plant Corrosion Test 
Amine Purification Synthesis Gas 


Indicated 
| Corrosion Rate- 
| Inch Penetration 
Per Year 


Material 


0.0002 


Note: Test conditions were follows: Corrosive: 
Aqueous solution containing 17 percent by weight 
MEA plus 2 percent weight COz at pH 10-10.5; 
Temperature: 230-240F; Duration of test: 293 days; 
Velocity: 10-15 ft/sec. 

* Specimens originally 0.031” thick were completely 
destroyed during the test period. 
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for the reboiler. After 
more than two years almost continu- 
ous service this bundle still operating 
efficiently and recent inspection showed 
almost negligible corrosion. 


Conclusions 


the absence acid gases, such 
carbon dioxide and hydrogen sulfide, 
ethanolamine solutions can safely 
handled plain cast iron steel 
equipment. 

The major corrodants amine sys- 
tems are carbon dioxide and hydrogen 
sulfide. amine solutions saturated with 
these gases the corrosion can ex- 
pected increase with amine concen- 
tration, temperature, and pressure. 


3.It has been found that contactors 
absorbers constructed mild steel 
are relatively free corrosion amine 
treating service, but stress relieving 
practice after fabrication should ob- 
served avoid possibility stress cor- 
rosion cracking. However, reboilers, 
reactivators, heat exchangers, pumps, 
and related piping the corrosion rate 
steel may excessive. 
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laboratory corrosion tests, Monel 
with carbon dioxide hydrogen sulfide 
alone, but could corroded gas 
mixtures approximately equal pro- 
portions. 


5.In laboratory tests 
tions relatively low velocities, Types 
304 and 316 stainless steel were sub- 
stantially uncorroded. 


Under plant conditions complicating 
factors such turbulence, high velocity, 
sludge, hot wall effects and decomposi- 
tion products the amine can increase 
the corrosion. Type 304 stainless steel 
tubes have been observed fail 
erosion corrosion impingement 
tack. Iron sulfide sludge has been found 
more noble than Monel and stain- 
less steel, and increase the corrosion 
these materials. 


improving plant practice (filter- 
ing out sludge, redistilling part the 
amine), avoiding the worst condi- 
tions (high temperatures, pressures, con- 
proper selection materials (Monel 


and stainless steel) possible 
tain good corrosion 
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Corrosion Products Mild Steel 


Hydrogen Sulfide Environments* 


Introduction 


MOST corroding systems, 
soluble product corrosion 
the metal. This product 
usually considered barrier the cor- 
rosive environment, bringing about 
decrease the corrosion rate. some 
the corrosion product has little 


discussed below, the existing liter- 
does not adequately describe the 
corrosion products the rate 
corrosion due aqueous hydrogen 
sulfide. The products corrosion have 
not been satisfactorily identified. This 
paper has been written order de- 
scribe results studies the products 
sulfide corrosion and their effects 
corrosion rates. Some specific 
objectives the work reported include: 


Brief review the literature. 


Development improved X-ray 
technique allowing analysis very 
thin corrosion product steel sur- 
face. 


Identification and proof structure 
sulfide corrosion. 


Indication the effects brine 
and carbon dioxide the nature 
the corrosion product formed. 


Examination the effect the 
nature the corrosion product 
the rate corrosion. 


un 


Problem History 
literature survey hydrogen sul- 
fide corrosion revealed conflicting results 
which raised several questions: 


(1) Does only one more than one 
sulfide form steel given hydrogen 
sulfide environment? Bond and 
and Rogers and imply the 
corrosion product single sulfide: the 
pyrrhotite structure sulfide. 
Prange® disputes this identification with 
the finding pyrite this en- 
invites attention the 
necessity for precise identification 
Sheppard’ believes three sulfides occur 
together: magnetic sulfide (presuma- 
hly smythite, pyrrhotite and pyrite; 
these three emphasizes the magnetic 
and Bruns,” report the high temperature 
corrosion product series dif- 
sulfides, among which pyrite fol- 
lows pyrrhotite. Hauffe and Rahmel” 


(2) what combined forms are iron 
sulfur known the solid 


« Submitted for publication April 8, 1957, A 
paper presented at the Thirteenth Annual 
Conference, National Association of Corro- 
sion Engineers, March 11-15, 1957. 


Abstract 


The relations between corrosion rates 
and different forms sulfide corrosion 
product are defined by the application 
of standard and novel x-ray diffraction 
studies of the corrosion products. Pre- 
liminary studies aque- 
environments, different sulfides 
affect the corrosion rate steel 
various ways. But the absence 
roded steel appreciably. 

More tests were then conducted 
relate the product and rate of corro- 
sion. Mild steel coupons were exposed 
fide passed through either water, brine 
was aided by an improved x-ray tech- 
nique for identifying very thin corro- 
sion product place steel. The initial 
product of corrosion was found thereby 
to be a cubic crystal, FeoSs (kansite). 
first, kansite the form tarnish 
was source corrosion resistance, 
since the corrosion rate decelerated; 
then the very thin kansite tarnish grew 
all three systems into thicker 
kansite scale. The corrosion rate 
thereon accelerated. In the water sys- 
tem when subsequent scales of pyrrho- 
tite (Feo.szsS) and later pyrite (FeS2) 
superimposed on kansite scale, the rate 
again decelerated. In the brine systems 
the kansite scale only grew thicker; 
here the rate continued accelerate. 

A proposed explanation for these re- 
not film but discrete crystallites, 
permeable kansite scale. Tarnish photo- 
micrographs give evidence for this 
view. 3.4.3 


state? Table lists several solid forms 
iron sulfide order decreasing iron 
sulfur concentration ratio. According 
fide also called iron 
does not exist the solid state. 
asserts does exist black, 
pyrophoric solid with strong ferromag- 
netic properties. can prepared, 
forms cubic crystal the pyrite type 
with lattice constant, 

(3) What relations exist among the dis- 
forms iron sulfide? Troi- 
lite can dissolve much percent 
iron solid solution enough sulfur 
that pyrrhotite and even pyrite may 
form.” FeS dissolves excess sulfur’ 
form but metallic iron dissolves 
neither suifur nor These facts 
indicate discrete solid sulfides may form 
sequence which can develop from the 
continuous solution iron and/or 
sulfur with preceding succeeding 
member the sequence. 

Hiickel states specific 
such pyrrhotite and pyrite cannot 
derived crystallographically from 
each other can iron oxides such 
magnetite and maghemite 
(gamma sequential relation- 
ship could demonstrated each form 
could produced transformation 
from its next neighbor. 


Other indirect evidence available 
that the iron sulfides may ferm natural 
sequences developing corrosion prod- 
ucts. One suggested sequence char- 
acteristic high temperature sulfide cor- 
the same manner that 
sequence wiistite (FeO), magnetite 
and hematite (alpha 
produced high temperature oxidation 
process, the resulting sequences express 
relation regular succession rather 
than one orderly transformation 
the members the sequence. This 
suggests that multiple corrosion scales 
form outward diffusion iron from 
the 


the role contaminants corrosion 
surfaces? Gray” points out 
that the oxide steel can never 
entirely excluded. Some materials, even 
trace amounts, appear influence 
the corrosion iron hydrogen sul- 
fide extent out all proportion 
their quantity.” 

contaminants are 
brine, carbon dioxide, free sulfur, hy- 
drogen, and oxygen. compared 
pure iron with pure iron alloyed with 
0.015 percent sulfur sodium chloride 
the corrosion rate enormously increased 
due the sulfur addition. The effect 
the same whether the free sulfur 
the metal the brine. Hackerman 
also have reported the effect 
free sulfur promoting steel corrosion 
itself and both oxygen-containing 
environments. 

suggests that the role free 
sulfur iron corrosion increase the 
activity atomic hydrogen. observes 
that pure iron cathodically polarized 
does not abosrb hydrogen, nor become 
hydrogen embrittled, but iron alloyed 
with sulfur does absorb hydrogen read- 
ily and become embrittled. Devine, Wil- 
helm, and report that oxygen 
well water are necessary cause 
steel corrosion gaseous The 
ment where steel corroding are dis- 
cussed also Bond and and 
Gray” critically raises the 
question whether oxygen the 
form atoms monovalent ions 
corrosive metals. reports that 
oil are apparently not severely cor- 
rosive when CO: content the gas 
less than twice the content. 


Experimental Methods and Results 


X-ray Identification Procedures 

The specific iron sulfide solids present 
the test corrosion product samples 
were analyzed means X-ray dif- 
fraction (General Electric 
fractometer XRD-3). 
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Empirical 
Formula 


FeoSs Kansite (7-26) 
Hydrotroilite 48 
Troilite (4-0832)12 


Hexagonal 


Feo.875S Py rrhotive (3- 102 18 )31, 32, 51, 52 


FeaS4 Smythite 49, 5° 


Fe2S3 (?) 16 


Hexagonal 


“Melnikovite*® 
FeS1.965 Marcasite (3-0797)30 
Pyrite 


target X-ray tube with zirconium filter 
was the source. 

The X-ray scattering pattern from 
powder sample placed 3-inch alumi- 
num tray was recorded chart paper 
with SPG detector and using 
krypton-filled proportional counter. 

improved X-ray diffraction tech- 
nique facilitated accurate identification 
the corrosion products formed intact 
SAE 1020 coupons about inches 

inch 1/16 inch. This approach was 
preferred trying separate product 
from coupon scraping off, pulveriz- 
ing mortar with pestle, and then 
identifying the powder the more usual 
type X-ray powder analysis. The 
method worked because the tarnish crys- 
tallites were oriented the coupon. 
This degree preferred orientation re- 
sulted better pattern earlier the 
product development than larger 
amount randomly oriented polycrys- 
talline powder could have given. 


Early Studies Unknown Iron Sulfide 


recent years unidentified iron 
sulfide was repeatedly noticed corro- 
sion products from sour brine environ- 
ments its unfamiliar X-ray pattern. 


Cryst Form Color Density 


Magnetic Molecular 
Susceptibility Weight 


3.13 Ferromagnetic 759.13 
Ferromagnetic $|_...... 
Antiferromagnetic 


Ferromagnetic 


Sheets of Pyrrhotite Slabs Rhombohedral Brown 4.55 Ferromagnetic 295.76 
Hexagonal 
Pyrites Cubic Yellow 4.3 Ferromagnetic 207.88 


Marcasite Orthorhombic Yellow 4.87 Paramagnetic 120.80 
Pyrites Cubic Yellow 5.00 Paramagnetic 119.97 


sour wells Kansas and West 
Texas, the corrosion rates were high 
100 mpy. Some carbon dioxide was 
present, and occasional entry air 
into the wells was possible. 


The same iron sulfide was found 
the condenser tubes debutanizer 
refinery. was the sole structure 
found the corrosion product tubes 
which failed after only six weeks 
service. The corrosion rate, reported 
the maximum pit depth, was 5,200 mpy. 
The the stream just beyond the 
condenser was 3.7 4.9. Analysis the 
gas just above the condenser showed 
the presence large amounts hydro- 
gen sulfide and hydrogen chloride. 


The unknown iron sulfide was synthe- 
sized exposing SAE 1020 coupons 
anaerobic vapor space gas 
bubbled through percent NaCl brine. 
The different systems ranged from 
The corrosion rates the acid 
systems were high 160 mpy. Cor- 
rosion rates between and mpy 
were recorded basic systems. The 
sulfide also formed SAE 1036 cou- 
pons and SAE 1020 coupon im- 
bacteria. 


Note: The name to X-Ray the ASTM ened number is cited if available. 


Characteristics Kansite 


The structure the unknown iron 
sulfide was found for- 
mula should regarded only approx- 
imate and not always integral, because 
this sulfide like other iron 
must presumed form defect 
phase the solid solution iron 
sulfur. FesSs has been 
because first noticed some sour 
crude wells Kansas. 

Table shows the results some emis- 
yses field sample kansite. Some 
percent iron and percent 
gether with several other trace elements 
were found. Assuming that the iron and 
sulfur all were combined single 
crystal structure, weight ratio 
percent iron percent sulfur cal- 
culated. This agrees with the formula 
Fess 

The X-ray powder data characteristic 
kansite are also shown Table 
These data are compatible with face- 
centered cubic crystal whose lattice con- 
stant, 10.1 0.05A. Kansite 


* Medium described by Sisler.% 
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‘igure 1—A lattice unit cell of kansite (FeoSs). Dia- 
gram was adapted from Reference 35. 


crystal structure the iron- 
pentlandite, which 
composed nine cations eight sul- 

Figure represents unit the 
kansite lattice. The face-centered cubic 
lattice points kansite structure may 
chosen arbitrarily the sulfur 
atoms, which form close-packed array. 
The irons are then regularly located 
certain interstices the sulfur array. 
Some the irons are tetrahedrally sur- 
rounded four sulfurs, and the other 
irons are octahedrally surrounded six 

The foregoing combined 
Department Interior Geological Sur- 
vey that kansite Dr. 
the Polytechnic Institute Brooklyn 
supported this conclusion. 

Kansite black mineral that dissolves 
the presence with evolution 
environment. Exposed the atmos- 
phere, oxidizes iron oxides and free 
sulfur. Kansite apparently ferromag- 
netic, probably semiconducting (based 
its negative temperature coefficient 
resistance), oil wettable, and water 
nonwettable. Field samples kansite 
are thought pyrophoric, but this 
has not been completely veri- 

has been caused form 
cobalt coupon room temperature after 
days’ exposure gas passed 
through percent NaCl brine. de- 
tectable corrosion occurred previous 
this period. The exceptionally low im- 
purity content tHis cobalt specimen 
may have been source its corrosion 
resistance. 

tarnish formation was not de- 
tected X-ray analysis period 
exposure less than two hours. would 
two-hour period the typical tarnish 
structure was present actually the 
steel. detectable minutes after 
exposure coupon sulfide system 
reflection electron diffraction technique. 
intact steel was the sample. 
shows the electron diffraction 
pattern. After one minute, its formation 
was observed microscopically (Figures 
4). 


Sulfur and Sulfides Corrosion 


Shell has presented in- 
teresting data the corrosive effects 
various iron sulfides and free sulfur 
direct contact with mild steel coupons. 
air-free, quiescent laboratory 
fest system (similar the NACE sour 


CORROSION PRODUCTS MILD STEEL HYDROGEN SULFIDE ENVIRONMENTS 


Figure 2—Electron diffraction pattern kansite 

tarnish formed 10 minutes after steel was exposed 

to hydrogen sulfide passed through 5 percent sodium 
chloride brine. 


TABLE Analysis New Iron 
Sulfide Mineral (Kansite, 


Calc.d | Obs.d | hkl | m | Obs. I 
5.83 
5.05 5.05 200 
2.32 2.32 331 
1.78 1.80 440 
1.54 1.54 533 
1.13 1.14 840 

| 


Sample No. X-374 

Chart 55-FHM-47. Mo Ka Radiation 
XRD-3 

Unit cell cubic, F m3m, a =10.1A 


a=d ym, where m is an integer 
d =Bragg spacing 

a =Lattice constant 

hki = Miller indices 

m =Multiplicity factor 

I =Intensity 


Emission Spec. Analysis: Fe, 55%; Ca, 2%; Mn, 
0.5%; Cr, 0.1%; Al, 0.06%; Ni, 0.04%; Cu, 0.04% 

Chemical Analysis: Sulfur content of original 
sample, 25.3%; Sulfur content of residue from 
soxhlet extracting with isopropanol, 26.1%; HeS 
gas evolved when few drops of acid were added to 
sample. 


Iron in Soxhlet Residue: % ferrous ion 54.8, % 
ferric ion nil 
(Test according to ASTM procedure D 1068-49T) 


corrosion test), measured the corro- 
sion rates these coupons. His meas- 
urements the relative corrosion rates 
are summarized Table These effects 
were not observed when scales were not 
contact with coupons. 

attempt was made duplicate 
these results agitated system. Tests 
were run for 115 hours. The test results 
are shown Table 

Only small rate increases were noted 
these systems but frequency blis- 
tering drastically increased the 
free sulfur, and FeS-free sulfur. 


Coupon Corrosion Studies Dry Systems 

the previous experiments was 
noted that the nature the sulfide scale 
played important role the rate 
corrosion aqueous media. attempt 
was made determine the scales 
themselves were corroding the metal 
solid solution extraction cations inde- 
pendent electrolyte. 


Figure 3—Photomicrographs of small, isolated crys- 
tallites kansite tarnish SAE steel cou- 
pons. Coupon was polished 4/0 emery paper and 
then exposed 20 minutes to hydrogen sulfide bubbled 
through 5 percent sodium chloride brine. 


Figure 4—Photomicrographs small, isolated crys- 
tallites of kansite (Fes8s) tarnish on SAE steel cou- 
pons. Coupon was nital etched to reveal grain 
boundaries and cooled to 50 F to condense moisture. 
Sample was then exposed for one minute in same 
manner as was the sample pictured in Figure 3. 


one experiment, several coupons 
were sulfidized immersing them for 
minutes molten sulfur. Four 
these coupons were immediately cleaned, 
and the average weight loss was deter- 
mined. The remainder these coupons 
were stored evacuated desiccator 
for different periods time. These cou- 
pons were then cleaned and their weight 
losses determined and compared with 
the weight loss the control samples. 
Only very small differences weight 
loss were found exist for coupons 
stored for long two months com- 
pared with the weight loss the con- 
trol coupon. 

another experiment, several one- 
half inch diameter steel discs were 
smeared with different sulfide scales and 
mounted lucite. The scales used 
this experiment were elemental sulfur, 
FeS, and These coupons 
were removed from the lucite mounting 
after period six weeks. small 
amount corrosion had taken place, 


| 


Figure 5—Corrosion test equipment. Code letters 
is as folows: A—12-inch by 12-inch glass jar; 
hydrogen sulfide inlet tube; C—air-tight cover; 
electric synchronous motor; E—mercury seal; 
evel 


TABLE Rate Scale Placed 
Coupons 


Corrosion 

Rate 

Scale Placed on Coupon (mpy) 

Laboratory-prepared FeS.............. 3 

Laboratory-prepared FeSe (pyrite)..... 26 

Laboratory-prepared mixture of FeS, S® 270 
Field sulfide scale from corroded equip- 

800 


TABLE and Blister Rate 
Various Chemicals 


Blisters 
Per 
Chemical Placed Square 
on Coupon mpy Inch 
Free sulfur. . 13 271 
FeS and free sulfur.......... 13 302 


but the weight loss insignificant 
when compared with the weight losses 
encountered aqueous sulfide corrosion. 

The effect sulfide scales iron 
dry environments given Table 
was concluded that the rate metal 
extraction the solubility iron 
its sulfide was negligible 
the rate corrosion aqueous sulfide 
systems. 


Experiments the Conditions Kansite 
Formation 

For the purpose defining the condi- 
tions kansite formation electrolytes, 
mild steel coupons were exposed wet 
gas three different air-free systems. 

schematic drawing the test appara- 
tus shown Figure This apparatus 
was produced triplicate for the three 
tests. Many coupons were suspended 
each system plate revolving 2-5 
rpm. The vapor space which the cou- 
pons hung was completely sealed off and 
maintained positive pressure. The 
gas was bubbled through the liquid one- 
half liter per minute. This was also the 
rate for the gas Test III. 

Test was bubbled through 
triply distilled and Test through 
percent NaCl brine. Test III, 
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TABLE 5—Effect Sulfide Scales 
Dry Environments 


Sulfide Corrosive 


TABLE 6—Exposure Mild Steel Coupons 
Triple Distilled Water 


Weight | Corrosion 
Loss in Rate 


Days | X-Ray Analysis Grams (mpy) 


(Faint 


3 
FeS: 0.3912 21.6 
FeoSs, Fe7Ss, 


Trace FeSs...... 1.5257 20.3 


18 — Fe7Ss, 


25.0 
34 FeoSe, Fe7Ss, 
Fe7Ss, 
22.8 
53 FeoSs, Fe7Ss, 
89 FeoSs, FeS2, 
...| 6.9097 iti 
101 FeoSs, F 
Fe7Ss 6.9492 11.4 
124 FeoSs, Fe7Ss, 
7.0515 9.0 
158 Fe7Ss, FeSe, 
7.6 


plus CO: was bubbled through 
cent NaCl brine. 

During test period over 100 days, 
coupons each test environment were 
withdrawn spaced intervals for X-ray 
examination. every instance, the form 
the sulfide corrosion product was 
successfully identified. the early mo- 
ments the product was examined intact 
coupon. Later when scale growth 
became sufficiently abundant was pow- 
dered and prepared for the more usual 
type X-ray analysis. 

After coupon was X-rayed was 
prepared for weight loss measurement. 
The corrosion product present was 
scraped off. The coupon was then im- 
mersed hydrochloric acid inhibited 
with 3-6 percent dibutyl thiourea, Upon 
removal was scrubbed with soft 
brush and cleanser, rinsed water and 
then acetone. After drying, was 
weighed. From the weight loss and ex- 
posure time measurements, the corro- 
sion rate (mpy) was calculated. 


Results Tests Concerning Conditions 
Kansite 

The comparative analytic results from 
Tests II, and III are tabulated 

first quick inspection the tables 
indicates that steel corrosion 
was more severe when the gas was 
passed through brine Tests and III 
than when was passed through water 
Test Figure visually confirms this 
indication with photograph coupons 
removed these three tests. The cou- 
pon from Test was exposed for 158 
days. Coupons from ‘Tests and III 
were each exposed for only 127 days, 
Notice particular the near complete 
destruction coupon from Test 
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TABLE 7—Exposure Mild Steel Coupons 
H.S/Brine 


Loss in Rate 


FeoSs (Trace)... 0.0798 
\% FeoSs (Trace)... .. 0.0983 130.5 
1 FeoSs, Fe7Ss, FeS2 0.2724 45.2 
FeoSs, Fe7Ss, 


Fe7Ss, FeoSs, FeS2 
22 FeoSs, Trace 


Fe7Ss, FeS2...... 3.6879 27.9 
58 FeoSs, Trace 

Fe7Ss, 12.1623 39.1 
70 FeoSs, Trace 

Fe7Ss, FeS2...... 17.3415 41.0 
93 FeoSs, Trace 

Fe7Ss, FeS2...... 25.9268 46.3 
127 FeoSs, Trace 

Fe7Ss, 52.3410 68.4 


TABLE Mild Steel Coupons 


Weight | Corrosion 
Loss in Rate 


Days | X-Ray Analysis Grams (mpy) 


Nothing 0.0166 33.5 
Nothing Detected.| 00178 24.1 

Fe7Ss 0.0383 6.8 

10.7956 30.9 

70 14.4976 34.3 
93 Seer 19.5494 35.0 
127 FeoSe, Trace FeS2.| 27.7556 36.3 


Significant results can found from 
closer consideration the data Tables 
and 


The first iron sulfide solid structure 
develop steel all three tests was 
kansite FeoSs. 


During the kansite tarnish reaction, 
Figure graphically shows, the cor- 
rosion rate started high (highest 
and lowest III) and dropped rapidly 
all three tests. 


The kansite tarnish gradually grew 
into thicker kansite scale, whereupon 
the corrosion rate began increase 
all three tests. This result probably 
the authors’ most significant finding. 


the brine media Tests and 
the corrosion rate continued 
crease and the kansite scale continued 
grow for duration test. 


Though not required initiate for- 
mation kansite tarnish, the brine was 
found the variable most probably 
promoting the continued growth kan- 
site scale. 

Test kansite scale growth was inter- 
rupted soon after had begun, mul- 
tiple scale growth, consisting next 
pyrrhotite layer and finally pyrite 
layer. Corrosion did not entirely cease 
with the superposition the pyrrhotite 
and pyrite layers the initial kansite 
growth, but the corrosion rate decreased. 
The sequence the sulfide products 
formation drawn Figure 

carbon dioxide Test III ap- 
peared inhibit formation pyrrhotite 
and pyrite. did not prevent the kan- 
site tarnish and scale reactions, but they 
were less developed than Test 

Since oxygen was rigorously ex- 
cluded from the test environments and 
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Figure after descaling. 


measurable steel corrosion occurred 
Tests and III, gas evidently 
can corrode steel without assistance 
from oxygen. 

Passage gas through fluid 
electrolytic medium, either water 
brine, necessary condition for ap- 
preciable steel corrosion occur the 
presence gaseous room tem- 
perature. 


10. Figure shows that the reactions 
the three systems resulted more 
severe damage the metal when 
gas was passed through brine than when 
was passed through water. 


Discussion 


Solid State Theory Supplemental 
Electrochemical Theory 


The electrochemical theory corro- 
sion fundamental the mechanism 
corrosion mild steel systems. 
additional description needed 
relate changes corrosion rate with 
changes corrosion product. Since 
solid state diffusion process must in- 
volved after initial corrosion has oc- 
curred, description solid state terms 
required. 

Several promising theories surface 
reactions metals, tarnishing, have 
been reported Mott and 
Cabrera,” Gulbransen,” 
These theories represent tarnish the 
product solid state reaction and 
seem describe the rate development 
tarnish. 

Mild steel dry environment 
does not corrode extensively room 
Since sulfide tarnish reac- 
tion requires electrolyte, its formation 
might explained electrochemically; 
however, electrochemical description 
tarnish incomplete.” The solid state 
chemical mechanism, provides expla- 
nation for the tarnish formation and the 
further development the corrosion. 

Figure shows the relation various 
forms sulfide with variations the 
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Figure 7—Corrosion rates 1020 mild steel from Tests and 


corrosion rates mild steel three 
test environments. These correlations are 
solid state reactions. The graph indi- 
cates that three such reactions may 
represented the integers: (1) kansite 
tarnish reaction, (2) kansite scale reac- 
tion, and (3) pyrrhotite and pyrite scale 
reaction. These reactions are noted simi- 
larly weight loss curves Figure 
They are discussed below: 


Does Kansite Tarnish Form? 


According Pilling and Bedworth,’ 
kansite tarnish could assumed have 
greater specific volume than the mild 
steel and form nonporous protec- 
tive film. This being true would account 
for the marked decrease corrosion 
rates Figure during the period 
kansite tarnish reactions. The kinetics 
corrosion rate reactions are discussed 
more formal terms the logarithmic, 
parabolic, and linear equations.” 

According when the rate 
tarnish reaction controlled elec- 
tron flow from metal tarnish, tarnish 
thickness and time are regulated the 
logarithmic equation Tammann and 
Koster.” 


(1) 


tarnish thickness 

the system 


for 


states that when the tarnish 
reaction rate metal controlled 
diffusion metallic ions and electrons 


Figure 8—Sulfide scale sequence. Schematic diagram 
represents the succession in which the sulfide scales 
formed Test Code symbols follows: 
surface; (1) first layer formed FeoSs 
i.e., kansite); (2) second layer formed Fe7Ss (i.e., 
pyrrhotite); (3) third layer formed FeSz (i.e., pyrite). 


through the tarnish layer, the parabolic 


Zkot (2) 


the case where no_ protective 
tarnish layer initially forms, Pilling and 
Bedworth’ state, linear relation exists 
between and 


kst (3) 
Comparison the three equations 
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Figure 9—Weight loss 1020 mild steel from Tests and 


with the data Figure indicates that 
Equation (1) best fits the rate data for 
the kansite tarnish. The logarithmic 
equation implies the weight loss, due 
kansite tarnish reaction, linear 
function the logarithm time. This 
suggests the tarnish reaction rate might 
controlled electron flow. Evidence 
was found for the existence, the kan- 
site tarnish surface, space charge lay- 
ers postulated Kansite be- 
true, kansite surface must equilib- 
rium with its interior and space charge 
layer probably exists its surface even 
was not contact with the 
usually assumed that the logarith- 
mic equation describes thin continuous 
film corrosion product. This assump- 
micrographs kansite tarnish, Figures 
and indicate that the tarnish pres- 
ent isolated crystallites easily cor- 
rodible sites. The tarnish crystallites 
simultaneously protecting the easy sites 
and growing more slowly into the diffi- 
cult sites, reduce the corrosion rate. The 
presence visible crystallites does not 
exclude the possibility thin films 
other portions the metal surface.” 


How Does Kansite Tarnish Grow Into 
Kansite Scale? 

Although the 
tures kansite tarnish and kansite scale 
are identical, the reactions which they 
form appear dissimilar. The tarnish ap- 
pears thin aggregate discrete 
spheroidal crystallites and the scale 
thick continuous flaky solid. More essen- 
tial differences are evident the corro- 
sion rate graphs Figure and weight 
loss graphs Figure 

None the formal equations seems 
fit the facts governing the kansite 
scale reaction. These three equations de- 
scribe corrosion rates which either de- 
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crease remain constant with time. 
the aqueous sulfide system corrosion 
reaction found whose 
through minimum and increases with 
time. this reaction, especially the 
film concept retained, new 
equation needed describe the rate 
development. 

the film concept abandoned and 
postulated that the tarnish consists 
discrete crystallites, then the authors’ 
description would involve growth 
continued nucleation. Iron ions will mi- 
grate into nucleated arrays sulfide 
ions adsorbed The crystallites 
will tend become electrically neutral. 
crystallite grows, will eventually 
interpenetrate with neighboring crystal- 
lites and disjointed kansite 
sults. this state, favorable conditions 
for diffusion cations and free electrons 
into the scale apparently multiply, in- 
creasing the corrosion rate. This diffu- 
sion could then occur: (1) along the 
former crystallite boundaries, (2) 
through the lattice, and/or (3) 
the junction between and 
tarnish. 


Corrosion Products and Rates 


Conditions favoring hindering kan- 
site scale growth from the tarnish crys- 
tallite will increase decrease the cor- 
rosion rate. The most sensitive variable 
the conditions probably the concen- 
tration gradient iron ions from steel 
scale. this gradient decreases below 
critical level, insufficient iron ions dif- 
fuse the kansite interface 
and stops forming, This occurs 
the pure water tests, but does not occur 
the brine tests. The iron concentra- 
tion gradient maintained keeping 
the potential the steel biased positive 
with respect the kansite scale. This 
when electrons are removed 
fast cations from the steel. Electrons 
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withdrawn by: (1) discharge 
positive ions electrolyte, (2) reac- 
tion with electronegative atoms form 
ions, and (3) conduction electrons 
through the scale. The iron ion concen- 
trations are maintained the brine tests 
because (1) brine stronger electro- 
lyte than water, (2) more hydrogen ions 
are available, and (3) the electronic con- 
ductivity kansite scale increased 
sodium and chloride ionic impurities 
its lattice. 


The discrete iron sulfide structures 
that form phases the solid solution 
the iron the steel and the sulfur 
gas are defect structures and 
semiconductors. Trace impurities can 
expected play major role the 
conductivity these materials. Chloride 
ions exchanging with sulfur should 
donors, and sodium ions substituting for 
ferrous ions should acceptors elec- 
trons the lattice kansite scale. Even 
room temperature, the presence 
both donor and acceptor energy levels 
the “forbidden” band between the 
valence and conduction bands gives rise 
high conductivity paths for electrons. 
This maintains the concentration gra- 
dient iron cations the kansite scale- 
gas interface. 


Lower electron conductivity paths 
the kansite scale the pure water re- 
duces the concentration gradient iron 
ions. Pyrrhotite, whose lattice more 
readily can accommodate cation vacan- 
cies, then results. This reduces the gra- 
dient for diffusing cations still further 
until eventually pyrite forms. The corro- 
sion rate the pyrrhotite, pyrite reac- 
tion decreases with time. The weight 
loss curve corresponding the pyrrho- 
tite, pyrite reaction Figure ap- 
proaches stationary value, indicating 
that the concentration gradient slowly 
approaching zero. 


Summary Discussion 


general the effects sulfide cor- 
rosion product the corrosion rate can 
described follows: 

first the electrochemical reaction 
iron and forms discrete crystal- 
lites kansite tarnish. this tarnish 
forms introduces rate controlling 
diffusion barrier. This results rapid 
deceleration the corrosion rate. After 
short period time (approximately 
one week) the tarnish changes 
rough flaky scale which time the cor- 
rosion rate starts increasing. This change 
occurs all cases and indicates that the 
change from tarnish scale accom- 
panied easier iron diffusion. This 
change diffusivity the corrosion 
more the following three changes 
the kansite: 


1.An increase electron conductivity 
due increase the defect den- 
sity the tarnish changes scale. 

increase the area crystallite- 
to-iron interface which points easy 
diffusion would expected. 


The formation new avenue 
easy diffusion crystalline boundaries 
the individual crystallites grow to- 

The defect solid character the kan- 
site scale permits rapid iron diffusion 
long high iron concentration 
gradient exists through the scale. This 
rate diffusion decreases the defects 
the kansite scale lattice become satu- 
rated with iron ions. systems where 
such saturation occurs the kansite scale 
subsequently changes pyrrhotite and 
pyrite. These materiais, having much 
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iron diffusion rate, result 
reduced corrosion rate. Such the pure 
system. 


systems which the concentration 
maintained and iron satura- 
the kansite scale lattice pre- 
vented impurities substitution 
sodium chloride, sulfur, and hydrogen), 
the high diffusion rate the kansite 
scale maintained for much longer 
‘ime. This results continued high 
rate and characterized 
‘he systems. 


Conclusions 

X-ray technique for identifying 
corrosion product intact metals has 
been designed and successfully applied. 

The structure new iron sulfide 
was identified and proved FeoSs 
(kansite). Its X-ray diffraction pattern 
has been listed the ASTM X-ray 
Powder Data File card 

Kansite the first iron 
sulfide solid structure develop when 
mild steel corroded room tempera- 
ture gas passed through either 
water brine. Kansite 
aishes the steel. 

Variation mild steel corrosion 
rate correlates with the variety forms 
adopted the developing sulfide cor- 
rosion product. 

such brine, carbon dioxide, free sul- 
fur, and hydrogen influence the forms 
taken the developing corrosion prod- 
uct. 


Since growth kansite scale 
correlated with acceleration corrosion 
rate, lessening corrosion damage 
should achieved preventing for- 
mation this scale. 
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DISCUSSION 
Questions Manuel, New York, 


What was the hydrogen sul- 
fide solutions which kansite formed? 
kansite pyrophoric? 


Kansite forms readily solutions 

fields, large quantities sulfide 
corrosion products have been reported 
ignite spontaneously, but have not 
observed this phenomenon the labora- 
tory. 


Question Harry Butler, Ethyl Cor- 
poration, Baton Rouge, Louisiana: 


Tests and III, were the scales 
from the coupons analyzed for ion? 
so, how much was found? 


such analysis was made. 


Any discussions this article not published above 


will appear the June, 1958 issue 


ERRATUM 


December Discussion Section (Corrosion Light Oil 
Storage Tanks Tandy). Corrosion, Vol. 13, 
No. 12, 838t (1957) December. 


Heading Column reading “Comments Ivy 


should amended read: 


Comments Forest Baskett, Sheet Metal Engineers, 
Inc., Houston, Texas. 
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Fight corrosion the service 


with Dresser Insulating 


Gas utility men agree that the service line, being 
nearest the consumer, deserves the best pro- 
tection from these two major causes corrosion: 
stray d-c currents and dissimilar metals. 


Then, too, consumer services are often trans- 
mitters harmful currents. Their insulation 
logical protective step. 

For protection service lines, nothing 
efficient economical Dresser Insu- 


This new Dresser green Ny- 
lon Insulator will supplied 
all standard insulating cou- 
plings and fittings. Gives all- 
round improved efficiency. 


ttings! 


lating Couplings and Fittings. They combine 
two jobs: (1) join service pipe quickly and 
permanently (just stab plain-end 
couplings and tighten nuts); and (2) serve 
insulating joint. 

Both the nut and the coupling body are in- 
sulated from the pipe. The Nylon Insulator ex- 
tends over the pipe end and effectively stops 
the flow current from one pipe the other. 
Nylon tough, inert, resistant attack oils 
gases and not susceptible swelling, flow 
other impairments. 

Write today for catalog describing Dresser 
Corrosion Control Products. 


DRESSER. CORROSION CONTROL PRODUCTS 


Dresser Manufacturing Division, 89 Fisher Ave., Bradford, Pa. Warehouses: 1121 Rothwell St., Houston; 
101 S. Airport Blvd., S. San Francisco. Sales Offices also in New York, Philadelphia, Chicago, Toronto. 
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Plastic Film History 
Questionnaire 


Offered for Approval 


Task Group T-2K-3, History and Re- 
sults Unit Committee T-2K, Pre- 
fabricated Plastic Film for Pipe Line 
Coating has completed questionnaire 
designed gather data determine 
true values plastic film coatings. 

The questionnaire has been submitted 
the chairman Technical Practices 
Committee for approval. After approval 
will mailed members Unit 
Committee T-2K and others. 

The History and Results Subcom- 
mittee T-2K was organized make 
long-range study actual installation 
prefabricated plastic films pipe- 
lines, the purpose being gather data 
and make excavations determine true 
values plastic coatings and main- 
tain long-range records the installa- 
tions. Value long-range data 
primarily companies where per- 
sonnel who initiate installation are 
promoted transferred and the follow- 
data evaluation over the years 
lost. The T-2K Committee perma- 
nent. committee NACE with the 
organization follow these installa- 
tions. The committee feels that long- 
range test data results such new 
project plastic field will 
valuable years come. 


Turn Page January 
CORROSION for summary 


probable committee meeting 
agendas San Francisco. 


Inhibitor Static Test 
Results Are Compiled 


Results questionnaire static 
tests Task Group T-1K-1, Sour 
Crude Inhibitor Evaluation has been 
compiled and distributed all mem- 
bers Unit Committee T-1K, In- 
hibitors for Oil and Gas Wells. 

Recommendations were made con- 
centration inhibitors, precoating 
coupons with iron sulfide and oil wet- 
ting, immersion time coupon and 
kerosene: brine ratio. 


Quimby Visits Europe 
NATO Project 


Quimby, Texas Company, Bea- 
con, New York, chairman NACE 
Technical Unit Committee T-3H 
Tanker Corrosion and member T-2E 
Internal Corrosion Product Pipe 
Lines and Tanks, spending several 
weeks Europe consultant the 
United States armed forces joint 
meeting the NATO pipe line group. 
The invitation was issued the secre- 
tary the Air Force Mr. Quimby, 
view his experience with oil soluble 
inhibitors combat corrosion pipe 
lines and tankers, accompany the 
group consultant and discuss oil 
soluble inhibitors the NATO pipe 
lines Fountainbleau. 

Following the NATO meeting, Mr. 
Quimby will make visits England and 
paper ‘‘Corrosion Prevention 
Tankers and Storage Tanks Fogging 
Flotation with Inhibitor Solution” 
the NACE Conference San Fran- 
cisco. 


Nitric Acid Questionnaire 


Task Group T-5A-5 Corrosion 
Nitric Acid held meeting Novem- 
ber 12, 1957, Pittsburgh. 

nitric acid questionnaire finished 
list nitric acid producers and con- 
sumers the chairman, Norman 
Groves. 

Work continuing toward the com- 
pletion nitric acid bibliography. 

paper detailing studies some 
members the task group the 
resistance aluminum alloys red 
fuming nitric acid being prepared for 

Recent problems concerning high 
fluoride and chloride levels 
acid recovery systems were related. 

member indicated had ex- 
perienced severe stress corrosion crack- 
ing tightly rolled 304 
sheet combinations from cooling water 
containing low chloride levels. 

member reviewed the question 
means reducing NO: pollution. 
solution presented was extreme dilution 
the stack gases air blowers. 
was indicated kit available which 
measures NO; concentrations accurately. 


New T-7 Affiliate Added 


Western Pennsylvania Corrosion 
Committee, Costanzo, Manufac- 
turers Heat and Light Co., Pittsburgh, 
chairman, will display NACE publica- 
tions and answer questions about asso- 
ciation membership the June 10-12 
Third Annual Appalachian Underground 
Corrosion Short Course. The course, 
given under auspices the College 
Mines, West Virginia University, has 
been accepted the American Gas As- 
sociation and endorsed NACE. 


Tentative Schedule Technical Committee Meetings San Francisco 


TECHNICAL COMMITTEE MEETING SCHEDULE—FAIRMONT HOTEL 


T-5A-1 
AM T-1 T-2J T-2C T-5A-3 
r-5A-6 T-6R 
Monday—March 17 
T-5A-4 T-4F-1 
PM T-1 T-3H T-4A T-5A-5 | T-6E 
T-5 T-4F 


T-6G T-3G-1 


T-4B-6 
T-8 T-3F T-3G T-9 T-2E T-3C T-2D 
T-4B-3 
T-4B-5 T-4E 
T-4B-4 
T-7 and T-1D 
Underground — ' T-3D-1 
Corrosion T-1H T-6A T-5B T-2K T-5D T-2A T-2H 
Coordinating T-1K T-3D 
Round Table 
Wednesday— March 19 — — 
T-6B T-1B T-3A 
T-1J 
T-1C T-3B 
T-3E T-6C T-6F 
Thursday— March 20 — 
T-2B T-5E T-1F, T-1F-1, T-3E-1 
& T-1F-2 -6D T-7E T-4D 
| 
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For better, longer-lasting protection—paint with 


Humble’s 


refineries and chemical plants 
where strong acids, alkalis and salt 
sprays produce severe corrosive 
conditions, Humble’s 
coatings can save you hundreds 
dollars corrosion damage. Hum- 
ble’s protective coatings contain 
rust-preventing ingredients that 
not only provide surface protec- 
tion, but also neutralize any 
corrosive substances that may get 
through the surface protection and 
attack the metal. And they give 
excellent resistance weathering, 
plus good color and gloss retention. 

Originally developed protect 


protective 


Humble equipment, Humble’s pro- 
tective coatings have proved their 
value through years extensive 
use, and are now marketed the 
world over. Included Humble’s 
complete line protective coat- 
ings are vinyls, 
epoxies, phenolics, enamels and 
others. These coatings are avail- 
able wide range finish 
colors. 

Without cost obligation, one 
Humble’s trained engineers will 
make thorough study your 
needs and recommend complete 
painting program for you. 


HUMBLE OIL REFINING COMPANY 


tings 


a 


For detailed informa- 
tion how Humble’s 
protective coatings can 
you money, call your 
Humble salesman, 
phone write: 


Humble Oil Refining Company 
Sales Technical Service 

Box 2180 

Houston Texas 


HUMBLE 


Gre 


sons 
guest 
lights 
limin 


prog 
infor: 

sis O 
socia 
possi 
wide 
work 
for 

that 
tee 
John 
chair 
Cher 

terta 
Corr 


| 
hes 
q 
ne 
name 
nm 
q 


EOSTON December meeting had NACE President Stewart, Sun Pipe Line Co., 


(second from right) guest. Others pictured are (left right) Manson Glover, 
Coating Company, Boston Section secretary-treasurer; Dwight Bird, Dampney Corp., 
Northeast Region chairman; Prof. Herbert Uhlig, Massachusetts Institute Technology, featured 
sveaker; President Stewart and Wayne Keller, National Research Corp., Boston Section chairman. 


Stewart Addresses 


Greater Boston Section 


NACE President Stewart 
sons and intimate talk given 
guest speaker Uhlig were high- 
lights the Greater Boston Section 
held December 12. The pre- 
liminary fellowship hour helped set 
convivial tone for the evening. 

Harvey Miller, New England 
Hard Facing Co., Inc., 
ported that the October 5-8 Northeast 
Region meeting will feature technical 
program during which speakers will 
discuss variety corrosion control 
information. banquet will given 
Tuesday, October 

President Stewart gave brief analy- 
sis the services and needs the as- 
sociation. said corporate dues make 
possible direct service industry 
wide range corrosion problems, staff 
coordination expanding committee 
work help publish results, support 
for regional and sectional activities, 
especially for new sections. 

Late the evening was announced 
that the section had formed commit- 
tee corporate memberships with 
John Swift, Little, Inc., 
chairman, and Peter Kahn, Metcalf 
Eddy and Fred Langhorst, Stanley 
Chemical its members. 

Dr. Uhlig MIT concluded the 
evening’s activities with his highly en- 
tertaining talk “Case Histories 
Corrosion.” 


The 1957 alphabetical author index 
Technical Section includes 244 
names. 


Canadian Region Meeting 


Held March 3-5 


The annual meeting NACE 
Canadian Region will held March 
3-5 the King Edward Hotel, Toronto, 
Ontario, Canada. The meeting will 
sponsored jointly Canadian Region, 
the Chemical Institute Canada, Coat- 
ing Division and the Associate Com- 
mittee Corrosion and Rust Preven- 
tion. The latter group composed 
representatives from governmental and 
university laboratories. 

Anyone interested further informa- 
tion about the meeting may get from 
Canadian Region Secretary Carr, 
Koppers Products, Limited, Suite 612, 
159 Bay Street, Toronto, Ontario, 
Canada. 


Early Deadlines Set 
For April Corrosion 


Deadlines for receipt news and adver- 
tising copy for use 
issue April, 1958 will advanced 
several days. This necessary because 
the absence from Central Office 


staff members who help prepare the 
magazine for publication. 

Persons who have news copy intended 
for publication the April issue are 
notified that copy must received 
Central Office Houston before Monday, 
March News stories not meeting this 
deadline probably will too late for the 
issue. 


Invoices for 1958 membership dues have been sent all Active and Junior NACE 
members. These dues are payable January 1958. The NACE by-laws state that 
member with dues arrears for three months shall receive the publications 


NOTICE PAYMENT 1958 NACE DUES 


the association until such dues are paid. 


Accordingly the names Active and Junior members whose 1958 dues have 


not been received March 30, 1958 will removed from the mailing list 
receive CORROSION. mailings CORROSION will made delinquent 


members until dues are paid. 


Northeast Region 
Have Six Symposia 
October Meeting 


Some the papers for 6-symposia 
technical program given the 
October 5-8 Northeast Region meeting 
Boston have been committed. 
strong symposium marine corrosion 
problems among those arranged, 
consequence the interest ports 
the New England states and Canadian 
Maritime Provinces. Interest the pro- 
gram reported good among 
Canadians concerned with corrosion 
control. 

Jacobson, chairman the 
Technical Program Committee, Water- 
town Arsenal Laboratories, Watertown 
72, Mass. said other symposia and au- 
thors who have committeed papers 
far are: 

Cathodic Protection—Walter Luce, 
The Duriron Co., Dayton, 
Sudrabin, Electro Rust-Proofing Corp., 
Belleville, J.; Bloom (or alter- 
nate) Naval Research Laboratory, 
Washington, C.; Miller, Na- 
tional Carbon Company, Cleveland; 
George Cox, consultant, Charleston, 
Va.; Ambler, American Zinc, 
Lead and Smelting Co., East St. Louis, 

Protective Coatings—Allen Alex- 
ander, Naval Research Laboratory, 
Washington; Fair, Koppers 
Co., Pittsburgh; William Graner, 
Bureau Ships, Washington; 
Whiting, Bakelite Co., Bound 
3rook, and Max Kronstein, New 
York University, New York, 

Marine Corrosion—K. Barnard (or 
alternate) Naval Research Establish- 
ment, Halifax, S.; Rogers, 
Naval Research—Dockyard Laboratory, 
Halifax; Preiser, Navy Bureau 
Ships, Washington; May, Inter- 
national Nickel Co., Wrightsville Beach, 
C.; Carson, Pacific Naval 
Laboratory, Esquimalt, C.; 
Horst, Aluminum Company America, 
New Kensington, Pa. 

Zinc Coatings—J. Kimberley, 
American Zinc Institute, New York; 
Anderson, New Jersey Zine Co., 
Palmerton, Pa. 

Power Industries—W. Manly, Oak 
Ridge National Laboratory, Oak Ridge, 
Tenn.; Brush, Missile and Ord- 
nance Systems Dept., General Electric 
Co., Philadelphia. 

Theory and Principles—H. Uhlig, 
Massachusetts Institute Technology, 
Cambridge. 


Western Region Officers 


Western Region has selected the fol- 
lowing officers for 1958: Tandy, 
Standard Oil Company California, 
director; Bladholm, Southern Cali- 
fornia Edison Company; Stark, 
Pacific Gas Electric Company, vice- 
chairman, and Schillmoller, The 
International Nickel Company, Inc., 
Secretary-treasurer. 
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Nominations for the 1959 Whitney and Speller Awards 


The Willis Rodney Whitney Award given recognition public contributions the science corrosion. 


contribution science defined the development new information the development more 
satisfactory theory which contributes more fundamental understanding corrosion phenomena. 

The Frank Newman Speller Award given recognition public contributions corrosion engi- 
neering. contribution engineering defined the development improvement method, 
apparatus material which the control corrosion facilitated made less costly. 

Nominations may made local sections may proposed directly the Chairman Region 
individual members June 1958. any case, nominations should accompanied 


appropriate statement the basis the proposal. 


Procedure the Selection Persons Receive these awards was published beginning Page 
the March, 1956 issue Corrosion, anyone interested may get copy writing Central Office 


NACE, 1061 Bldg., Houston Texas. 


Tice New Southern 
New England Chairman 


Election officers and technical 
talk, the Stanley Works,” 
were principal items the December 
meeting the Southern New England 
Section. 

Elected were Allen Tice, Interna- 
tional Nickel Co., Inc., chairman; Archer 
Hamilton, the Hartford Gas Co., vice- 
chairman; William Steinert, the 
Smith Co., secretary-treasurer. The nom- 
inating committee consisted Frederic 
Barry, Scovill Manufacturing Co.; 
Frederick Meyer, Southern New Eng- 
land Telephone and Arthur Tracy, 
The American Brass Co. 

Technical speaker for the evening was 
Eugene Worden, The Stanley Works, 
New Britain, Conn., who spoke “Cor- 
rosion the Stanley Works.” de- 
scribed the numerous corrosion problems 
that occur during the manufacturing pro- 
cess The Stanley Works. Taking 
door hinge example, pointed out 
that corrosion start with the 
purchase steel for strip mill cor- 
rosion stains from lubricant 
ished product. The meeting was held 
the Yankee Silversmith Inn, Walling- 


ford, Conn. 


Corrosion Test Design 


Topic Detroit Section 


During the November Detroit Sec- 
tion dinner meeting the Detroit En- 
gineering Society, approximately 
members and guests gathered hear 
Frederick Fink Battelle Memorial 
Institute. Dr. Fink, acting Division Chief 
Physical Chemistry and Corrosion 
Technology, presented his paper “Design 
Corrosion Tests,” the major part 
which pertained laboratory and field 
techniques. 

The following officers were elected 
the meeting: David Hill, Timken-De- 
troit Axle Company, Detroit, chairman; 
Gleekman, Wyandotte Chemicals 
Co., Wyandotte, Michigan, vice-chair- 
man; Carl Durbin, Chrysler Corp., 
Engr. Div., Detroit, secretary; Euel 
Vines, Koppers Company, Inc., Detroit, 
treasurer. 


Puget Sound Officers 


New officers elected serve the 
Puget Sound Section for 1958 are Robert 
Mercer, Robert Mercer Inc., 
chairman; Norman Burnett, vice- 
chairman and Claude Copley, secretary- 
treasurer, Walter Boysen Company. 


TEST SPOOL PARTS 


Nuts Rods Wire Insulators 
Teflon Tape 


CORROSION 


TEST SUPPLIES 
Box 4507, Station 


co. 


Baton Rouge La. 


SERVING CORROSION ENGINEERS AROUND THE WORLD 


Stress Corrosion 
Prevention Topic 


Lehigh 


Consideration and planning for the 
specific condition and environment 
met the best way alleviate stress cor- 
rosion cracking, was the consensus all 
members panel stress corrosion 
held Lehigh Valley Section’s meeting 
November 18. 

Shepherd, chief metallurgist 
the Ingersoll-Rand Co., Phillipsburg, N.J., 
was moderator. defined 
rosion cracking and gave brief history 
the phenomenon. Each panelist discussed 
particular metal, outlining the primary 
causes stress corrosion and describing 
how engineers can design prevent stress 
corrosion cracking. 

Members the panel and the metals 
they discussed were: Tracy, me- 
tallurgical engineer, The American Brass 
Co., Waterbury, Conn., copper and cop- 
per-base alloys; Horton, Research 
Department, Bethlehem Steel Co., Beth- 
lehem, Pa., iron and steel; Teeple, 
Corrosion Engineering Section, Interna- 
tional Nickel Co., Inc., New York, 
nickel and nickel base alloys; Bloom, 
research metallurgist, Research Labora- 
tories, Armco Steel Corp., Baltimore, Md., 

discussion period followed the meet- 
ing. The meeting was held the Village 
Inn, Allentown, Pa., with members and 
guests attending. 


Spalding Elected Head 
South Central Region 


Spalding, Jr., Sun Oil Company, 
Dallas, Texas, has been elected chairman 
South Central Region for 1958. Other 
new officers named 
sibilities effective January are 
Caldwell, Humble Oil Refining Com- 
pany, Houston, vice-chairman; 
Levert, United Gas Pipe Line, Shreve- 
port, secretary-treasurer; and Dan 
Carpenter, Aquaness Department, Atlas 
Powder Company, Oklahoma City, as- 
drip, Gulf Oil Corporation, Houston, 
Texas, continues director repre- 
senting South Central Region. 

Corrosion indexed annually 
cember with alphabetical subject, alpha 
author index and collected contents 
the Technical Section and 
subject index the Corrosion 
Section 
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Exhibitors Say: 


Our Guest 
Fellowship Hour 


Exhibitors the 14th Annual 
NACE Conference and Exhibi- 
tion will host registrants 
the annual Fellowship Hour 
Gold Room the Fairmont 
Hotel, San Francisco. This event, 
financed exhibitors, one 
the social highlights every 
NACE Conference, usually at- 
tracting about percent the 
total registration. 


This hour provides oppor- 
tunity for renewing acquaintance 
among NACE members 
tween exhibitors’ representatives 
and their friends attending the 
conference. 


Committee Gives Long 
Hours Success 


The Exhibits Committee, under Chair- 
man George Works, Union Oil Com- 
pany California, Rodeo, Cal., has put 
long hours assure the success 
the exhibition held Civic Audi- 
torium, San Francisco, March 18-20. 
Members the committee have assisted 
Central Office staff making arrange- 
ments for transportation, decorations 
aid solving other problems arising 
mnection with the exhibition. 
Committeemen have been active also 
talking West Coast who are 
ospective exhibitors help fill out the 
with representative corrosion con- 
materials and equipment. Success 
their efforts seen the relatively 
proportion firms with West 
addresses. 

Credit for the wide variety products 

splayed goes large measure the 

hibits Committee. 

10-year alphabetical subject 
covers the years 1945-54 


Tuesday Afternoon Allocated Exhibition 


Period Set Aside for Inspection 
Latest Corrosion Control Products 


One the major innovations the 14th Annual NACE Exhibition 
San Francisco’s Civic Auditorium, shown above, the allocation the 
afternoon Tuesday, March time for all visit the exhibition. 
Technical programs have become crowded during recent NACE Con- 
ferences that many serious corrosion workers, intent absorbing the 


maximum amount information, find difficult give more than 
casual attention the exhibition. Recognizing this brought about 
the change which keeps Tuesday afternoon free scheduled technical 


events. 


Exhibitors are planning all-out effort welcome everyone who 


visits the booth area during the Tuesday afternoon session. 


quick survey the products and 
equipment displayed shows they 
range from acids valves. Hundreds 
products will shown. Trade and tech- 
nical literature all kinds will 
available. 


Coatings Products Extensive 


other recent NACE Exhibitions 
the displays coatings and coatings 
equipment will impressive. full ar- 
ray the latest developments plas- 
tics and improved formulations tradi- 
tional paints will shown. The usual 
complement asbestos, plastic and 
glass-reinforced wrapping materials for 
underground structures and other uses 
will displayed also. 

Equipment for preparation surfaces 
and application all kinds coating 
materials; various kinds linings; me- 
tallic coatings and their application 
equipment and numerous others will 
hand the booths. 


Plastics Are Numerous 


Numerous kinds plastic materials 
construction will exhibited. These 
include various lining materials, ex- 
truded and glass-reinforced sheets and 
tubing and several kinds equipment 
made protected fluorocarbons 

Among the metals featured are 
aluminum, brass and copper, steels, 
stainless steels, clad steels, wrought iron 
and others. Numerous kinds fabri 

(Continued Page 


Short Summary 
Exhibition Schedule 


Following summary in- 
formation about the exhibition: 
Exhibitors’ Registration 
Sunday, March 16—1 pm— 
Main Lobby, Fairmont Hotel. 
Monday, March 17—8:30 am-4:30 
pm—Main Lobby, 


Fairmont 
Hotel. 

Tuesday, March through 
Thursday, March 20—8:30 am- 
4:30 pm—Civic 
Main Lobby. 

Opening and Closing Times 

Tuesday, Wednesday and Thurs- 
day, March 18-19-20—10 
5:30 pm. 


Exhibitions Scheduled 
Other Meetings NACE 


Other exhibitions scheduled held 
meetings the National Association 
Corrosion Engineers are: 

October 20-24—South Central Region 
Meeting, Roosevelt Hotel, New Orleans, 
La. 
March 16-20, Annual 
NACE Conference and Exhibition, 
Sherman Hotel, Chicago. 


ol. 
: 
° 
| 
| 
| 
| 
| ; 
i] 
| | 
} 
| 
q 1 
| 
| 
} 
| 
| | 
| 
: 
| 
| 


CORROSION—-NATIONAL ASSOCIATION CORROSION 


The Willis Rodney Whitney Award given recognition public contributions the science corrosion. 
contribution science defined the development new information the development more 
theory which contributes more fundamental understanding corrosion phenomena. 

The Frank Newman Speller Award given recognition public contributions corrosion engi- 
neering. contribution engineering defined the development improvement method, 
apparatus material which the control corrosion facilitated made less costly. 

Nominations may made local sections may proposed directly the Chairman Region 
individual members June 1958. any case, nominations should accompanied 


Nominations for the 1959 Whitney and Awards 


appropriate statement the basis the proposal. 


Procedure the Selection Persons Receive these awards was published beginning Page 
the March, 1956 issue Corrosion, anyone interested may get copy writing Central Office 
NACE, 1061 Bldg., Houston Texas. 


Tice New Southern 
New England Chairman 


Election officers and technical 
talk, the Stanley Works,” 
were principal items the December 
meeting the Southern New England 
Section. 

Elected were Allen Tice, Interna- 
tional Nickel Co., Inc., chairman; Archer 
Hamilton, the Hartford Gas Co., vice- 
chairman; William Steinert, the 
Smith Co., secretary-treasurer. The nom- 
inating committee consisted Frederic 
Barry, Scovill Manufacturing Co.; 
Frederick Meyer, Southern New Eng- 
land Telephone Co. and Arthur Tracy, 
The American Brass Co. 

Technical speaker for the evening was 
Eugene Worden, The Stanley Works, 
New Britain, Conn., who spoke “Cor- 
rosion the Stanley Works.” de- 
scribed the numerous corrosion problems 
that occur during the manufacturing pro- 
cess The Stanley Works. Taking 
door hinge example, pointed out 
that corrosion problems start with the 
purchase steel for strip mill cor- 
rosion stains from lubricant 
ished product. The meeting was held 
the Yankee Silversmith Inn, Walling- 
ford, Conn. 


Corrosion Test Design 
Topic Detroit Section 


During the November Detroit Sec- 
tion dinner meeting the Detroit En- 
gineering Society, approximately 
members and guests gathered hear 
Frederick Fink Battelle Memorial 
Institute. Dr. Fink, acting Division Chief 
Physical Chemistry and Corrosion 
Technology, presented his paper “Design 
Corrosion Tests,” the major part 
which pertained laboratory and field 
techniques. 

The following officers were elected 
the meeting: David Hill, Timken-De- 
troit Axle Company, Detroit, chairman; 
Gleekman, Wyandotte Chemicals 
Co., Wyandotte, Michigan, vice-chair- 
man; Carl Durbin, Chrysler Corp., 
Engr. Div., Detroit, secretary; Euel 
Vines, Koppers Company, Inc., Detroit, 
treasurer. 


Puget Sound Officers 


New officers elected serve the 
Puget Sound Section for 1958 are Robert 
Mercer, Robert Mercer Inc., 
chairman; Norman Burnett, vice- 
chairman and Claude Copley, secretary- 
treasurer, Walter Boysen Company. 


TEST SPOOL PARTS 


Nuts Rods Wire Insulators 
Teflon Tape 


CORROSION TEST SUPPLIES CO. 


Box 4507, Station 


Baton Rouge La. 


SERVING CORROSION ENGINEERS AROUND THE WORLD 


ENGINEERS 


Stress Corrosion 
Prevention Topic 


Lehigh Panel 


Consideration and planning for the 
specific condition and environment 
met the best way alleviate stress cor- 
rosion cracking, was the consensus all 
members panel stress corrosion 
held Lehigh Valley Section’s meeting 
November 18. 

Shepherd, chief metallurgist 
the Ingersoll-Rand Co., Phillipsburg, 
was moderator. defined 
rosion cracking and gave 
the phenomenon. Each panelist discussed 
particular metal, outlining the primary 
causes stress corrosion and describing 
how engineers can design prevent stress 
corrosion cracking. 

Members the panel and the metals 
they discussed were: Tracy, me- 
tallurgical engineer, The American Brass 
Co., Waterbury, Conn., copper 
per-base alloys; Horton, Research 
Department, Bethlehem Steel Co., Beth- 
lehem, Pa., iron and steel; Teeple, 
Corrosion Engineering Section, Interna- 
tional Nickel Co., Inc., New York, 
nickel and nickel base alloys; Bloom, 
Research Labora- 
tories, Armco Steel Corp., Baltimore, Md., 

discussion period followed the meet- 
ing. The meeting was held the Village 
Inn, Allentown, Pa., with members and 
guests attending. 


Spalding Elected Head 
South Central Region 
Spalding, Sun Oil Company, 


Dallas, Texas, has been elected chairman 
South Central Region for 1958, Other 
new officers named assume respon- 
sibilities effective January are 
Caldwell, Humble Oil Refining Com- 
pany, Houston, vice-chairman; 
Levert, United Gas Pipe Line, Shreve- 
port, secretary-treasurer; and Dan 
Carpenter, Aquaness Department, Atlas 
Powder Company, Oklahoma City, as- 
drip, Gulf Oil Corporation, Houston, 
Texas, continues director repre- 
senting South Central 

indexed annually De- 
cember with alphabetical subject, alpha- 
betical author index and collected contents 
the Technical Section and annual 
subject index the Corrosion Abstract 
Section. 
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Tuesday Afternoon Allocated Exhibition 
the 
Period Set Aside for Inspection 
Exhibitors Say: 
Latest Corrosion Control Products 
Fellowship Hour One the major innovations the 14th Annual NACE Exhibition 
San Francisco’s Civic Auditorium, shown above, the allocation the 
afternoon Tuesday, March time for all visit the exhibition. 
tion will host registrants Technical programs have become crowded during recent NACE Con- 
ribing the annual Fellowship Hour ferences that many serious corrosion workers, intent absorbing the 
Hotel, San Francisco. This event, casual attention the exhibition. Recognizing this fact brought about 
financed exhibitors, one the change which keeps Tuesday afternoon free scheduled technical 
the social highlights every events 
search tracting about percent the Exhibitors are planning all-out effort welcome everyone who 
registration, visits the booth area during the Tuesday afternoon session. 
and their friends the products will shown. Trade and tech- Exhibition Schedule 
formation about the exhibition: 
Coatings Products Extensive Registration 
and Committee Gives Long other recent Main Lobby, Fairmont Hotel. 


Hours Success 


The Exhibits Committee, 
man George Works, Union Oil Com- 
pany California, Rodeo, Cal., has put 


the displays coatings and coatings 
equipment will impressive. full ar- 
ray the latest developments plas- 
tics and improved formulations tradi- 
tional paints will shown. The usual 
complement asbestos, plastic and 
glass-reinforced wrapping materials for 


Monday, March 17—8:30 am-4:30 
Lobby, 


Fairmont 
Hotel. 

Tuesday, March through 
Thursday, March 20—8:30 am- 
4:30 pm—Civic Auditorium, 


pany, long hours assure the success 

rman the exhibition held Civic Audi- structures and other uses 

torium, San Francisco, March 18-20, will displayed also. 

Members the committee have assisted Equipment for preparation surfaces Opening and Closing 

and application all kinds coati Tuesday, Wednesday and Thurs- 

reve- connection with the exhibition. equipment and numerous others will 

Committeemen have been active hand the booths. 

tlas talking West Coast firms who are Plastics Are Exhibitions Scheduled 

show with representative corrosion con- Numerous kinds plastic materials Other Meetings NACE 

trol materials and equipment. Success construction will exhibited. These 

their efforts the relatively include various lining materials, ex- Other exhibitions scheduled held 
high proportion firms with West truded and glass-reinforced sheets meetings the National Association 

Coast addresses. tubing and several kinds equipment Corrosion Engineers are: 

_Credit for the wide variety products made protected fluorocarbons. October 20-24—South Central Region 

pha- displayed goes large measure the Among the metals featured Roosevelt Hotel, New Orleans, 

tents aluminum, brass and copper, 

stainless steels, clad steels, wrought iron March 16-20, 1959—15th Annual 

tract and others. Numerous kinds NACE Conference and Exhibition, 


10-year alphabetical subject 
index covers the years 1945-54. 
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Sherman Hotel, Chicago. 
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LARKIN HALL 


Meeting Room 


Alloy Steel Products Co. 
Linden, New Jersey 


Aluminum Company America 


Pittsburgh, Pa. 
Amercoat Corporation 
South Gate, 


American Coating Supply Co. 


Tulsa, Okla. 


American Smelting Refining Co. 


New York, New York 
Armco Steel Corporaton 

Middletown, Ohio 
Armour Chemical Division 

Chicago, Illinois 


Barrett Division, Allied Chemical 


Dye Corp. 
New York, New York 
Bemco, Inc. 
Hollywood, Calif. 
Brance-Krachy Inc. 
Houston, Texas 
Byers, Company 
Pittsburgh, Pa. 
Cameron Iron Works, Inc. 
Houston, Texas 
Carey, The Mfg. Co. 
Cincinnati, Ohio 
Carboline Company 
St. Louis, Missouri 
Carpenter Steel Co., The 
Union, New Jersey 
Cathodic Protection Service 
Houston, Texas 
Chicago Metallizing Corp. 
Chicago, 
Clementina, Ltd. 
San Francisco, Cal. 
Coast Paint Lacquer Co. 
Houston, Texas 
Corning Glass Works 
Corning, New York 
Cosasco Division 
Monte, Cal. 
Crane Company 
Chicago, 
Crest Instrument Company 
Santa Springs, Cal. 


Crose, Manufacturing Co., Inc. 


Tulsa, Okla. 
Dampney Company, The 
Boston, Mass. 


Dow Chemical Company, The 


Midland, Mich. 


ALL BOOTHS ARE 10X10" 


Dresser Manufacturing Division 
Bradford, Pa. 

Duriron Company, Inc. 
Dayton, Ohio 

Electro Rust-Proofing Corp. 
Belleville, New Jersey 

Fabri Valve Co. America 
Portland, Ore. 

Farwest Corrosion Control Corp. 
Seattle, Wash. 

Fibercast Corporation, The 
Sand Springs, Okla. 

Fibreboard Paper Products Corp. 
San Francisco, Cal. 

Fisher Research Laboratory, Inc. 
Palo Alto, Cal. 

Furane Plastics, Inc. 
Los Angeles, Cal. 

General American Transportation Corp. 
Compton, Cal. 

Glidden Company, The 
Cleveland, Ohio 

Good-All Electric Mfg. Co. 
Ogallala, Nebraska 

Gulf States Asphalt Co., Inc. 
Houston, Texas 

Company, Inc. 
San Francisco, Cal. 

International Nickel Co., Inc., The 
New York, New York 

Kendall Co., The Polyken Sales Div. 
Chicago, 

Johns-Manville Sales Corp. 
New York, New York 

Koppers Company, Inc. 
Pittsburgh, Pa. 

Lester Equipment Mfg. Co., Inc. 
Los Angeles, Cal. 

Lukens Steel Company 
Coatesville, Pa. 

Maloney, Company 
Houston, Texas 

McCormick Company 
San Leandro, Cal. 

Metal Thermit Corporation 
Rahway, New Jersey 

Midwestern Pipe Line Products Co. 
Tulsa, Okla. 

Minnesota Mining Manufacturing Co. 
Saint Paul, Minn. 

National Carbon Co., 
Div. Union Carbide Corp. 
New York, New York 


Meeting Room 


Alphabetical List Exhibitors 


Some Booths 
Still Available 
this 

EXHIBITION 


For information, telephone, tele- 
graph write to: National As- 
sociation Corrosion Engineers, 
Texas. 


Nordson Corporation 
Amherst, Ohio 

Perrault Equipment Company 
Tulsa, Okla. 

Pfizer, Chas. Co., Inc. 
Brooklyn, New York 

Phelps Dodge Copper Products Corp. 
Los Angeles, Cal. 

Pittsburgh Coke Chemical Co. 
Pittsburgh, Pa. 

Plicoflex, Inc. 
Los Angeles, Cal. 

Protecto Wrap Company 
Tulsa, Okla. 

Raytherm Corporation 
Redwood City, Cal. 

Reilly Tar Chemical Corp. 
Granite City, 

Republic Steel Corporation 
Cleveland, Ohio 

Resistoflex Corporation 
Burbank, Cal. 

Royston Laboratories, Inc. 
Blawnox, Pa. 

Ryerson, Joseph Son, Inc. 
Chicago, 

Rust-Oleum Corporation 
Evanston, 

Saran Lined Pipe Co. 
Midland, Michigan 

Shell Corporation 
New York, New York 

Spee-Flo Company, The 
Houston, Texas 

Standard Magnesium Corp. 
Tulsa, Okla. 

Texsteam Corporation 
Houston, Texas 

Tinker Rasor 
San Gabriel, Cal 

Tresco, Inc. 
Sapulpa, Okla. 

Tretolite Company 
Webster Groves, Mo. 

Stoneware Company 
Akron, Ohio 

Valdura Paint Division 
American Marietta Co. 
Chicago, 

Vanode Company, The 
Pasadena, Cal. 

Visco Products Company 
Houston, Texas 

Williamson, Inc. 
Tulsa, Okla. 
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LOOK what you can 
with 


CORROSION completely! This photo 
shows far pipes covered with 
near pipes covered with other 
leading into compressor station cooling tower. 
Pipes were subjected acid and chlorine- 

bearing water for two years... 


SEE HOW Pipe Protection 
guarded this pipe. This close-up shows how 
pipe was perfectly intact, you could still 


New low price! SCOTCHRAP 


BRAND 


PIPE PROTECTION TAPE 


superior pipe coating 


“SCOTCHRAP” Pipe Protection polyvinylchloride plastic handy 
tape pipe coating tape designed especially for long term 
pipe protection. Compared all other pipe coatings and coverings, 
Brand Pipe Protection Tape superior these 


MAKE QUICK WORK insulating joints, 


important qualities: Toughness—to resist abrasion from backfilling tees, elbows the field. Superconformable 

and underground soil stresses. Low conductance resist elec out special tools heat 
trolytic corrosion and insure longer pipe life. Adhesion shear strength system-wide protection. 


shear forces exerted soil stresses. All this, plus new low prices, 
make Pipe Protection Tape your best buy. Best for 
joints and fittings—best for total coatings entire distribution 
systems! 

Check into the new savings possible with Brand 
Pipe Protection Tape. glad you did! 


“ScoTCHRAP” is a registered trademark for pipe protection products made in U.S.A. by 7 : " 
Minnesota Mining and Manufacturing Co., St. Paul Minn. 

and Tapester, one 


ee 33 pee 
your letterhead Co., St. Paul Minn., 
Dept. BQ-28. 

ee WHERE RESEARCH IS THE KEY TO TOMORROW 3M 


print of “ScorcHrap” Adhesive on the 
| 


ASSOCIATION CORROSION ENGINEERS 


Alphabetical List Products Shown NACE Exhibition 


ACID, CITRIC 
Chas. Pfizer Company, Inc. 


ADHESIVES 


Furane Plastics, Inc. 


ALLOYS. 

@ Copper 

Phelps Dodge Copper Products 
Corp. 

Corrosion Resistant 

Haynes Stellite Company 

ALUMINUM 

Aluminum Company of America 


ANODES 

Crose Manufacturing Co., 
Inc. 

Aluminum 

Cathodic Protection Service 

@ Cast Iron, High Silicon 

Cathodic Protection Service 

@ Graphite 

Protection Service 

National Carbon Company 

@ Magnesium 

American Smelting & Refining Co. 

Cathodic Protection Service 

Standard Magnesium Corp. 

@ Zinc 

Protection Service 


BELLOWS, MOLDED FLUORO. 
CARBON 


Resistoflex Corporation 


BONDING MATERIALS 
Cathodic Protection Service 


BUSHINGS AND CRADLES 
Williamson, Inc. 
BUSHINGS AND SEALS 


Cathodic Protection Service 
CABLE MATERIALS 
Cathodic Protection Service 


CATHODIC PROTECTION 

@ Engineering 

Brance-Krachy Co., Inc. 

Cathodic Protection Service 

Electro Rust-Proofin 

Farwest Corrosion Control Corp. 

Equipment 

Brance-Krachy Co., Inc. 

Farwest Corrosion Control Corp. 

The Vanode Company 

@ Heater-Treater Protection 
Equipment 

Cathodic Protection Service 

Materials 

Brance-Krachy Company, Inc. 

Farwest Corrosion Control Corp. 


F. H. Maloney Company 
The Vanode Company 


CEMENTS, ACID-PROOF 
Stoneware Company 


CERAMICS, CHEMICAL 
U. S. Stoneware Company 


DETECTORS, LOW VOLTAGE 
FLOW 


Inertol Company, Inc. 


COATINGS 


Brance-Krachy Co., Inc. 
American Coating Supply Co. 
Amercoat Corporation 
Carboline Company 
Coast Paint Lacquer Co. 
The Dampney Company 
Furane Plastics, Inc. 
The Glidden Company 
Inertol Company, Inc. 
Koppers Company, Inc. 
Rust-Oleum 
Shell Chemical Corporation 
Tresco, Incorporated 
Valdura Division, 
American Marietta Co. 


this page representative but not complete list the products shown the 14th 
Annual Exhibition the National Association Corrosion Engineers San Francisco’s Civic 
Auditorium, March 18-20. Firms interested exhibiting this event may get full information 
telephoning, telegraphing writing National Association Corrosion Engineers, 1061 


®@ Airless Spray Equipment 
Nordson Corporation 

Aluminum, Sprayed 
Chicago Metallizing Corp. 
Asphalt 


Fibreboard Paper Products Corp. 
Gulf States Asphalt Co., Inc. 


Coal Tar 
Barrett Division, 
Allied Chemical Dye Corp. 


Pittsburgh Coke Chemical Co. 
Reilly Tar Chemical Corp. 


@ Hot Spray Equipment 

Nordson Corporation 

The Spee-Flo Company 

Industrial 

Koppers Company, Inc. 

Royston Laboratories, Inc. 

Mobile Hot Spray Units 

The Spee-Flo Company 

@ Phenolic 

U. S. Stoneware Company 

Pipe Line 

American Coating Supply Co. 

Barrett Division, Allied 
Chemical & Dye Corp. 

Gulf States Asphalt Company, Inc. 

Koppers Company, Inc. 


Protecto Wrap Company 
Royston Laboratories, Inc. 


Plastic 
Stoneware Company 


COPPER 


Phelps Dodge Copper Products 
Corp. 


ELBOWS, FLUOROCARBON LINED 
Resistoflex Corporation 


FELT, ASBESTOS 

M. J. Crose Manufacturing Co., Inc 

FLUOROPLASTIC, DISPERSIONS 

Minnesota Mining & Manufactur- 
ing Co. 

Greases and Waxes 


Minnesota Mining Manufactur- 
ing Co. 

@ Molding Powder 

Minnesota Mining & Manufactur- 
ing Co. 


Oils 


Minnesota Mining Manufactur- 
ing Co. 


FLUOROCARBON RODS 
Resistoflex Corporation 


GAMMA RAY EQUIPMENT 
McCormick Company 


GLASS 

® Pipe 

Corning Glass Works 

Pipeline Wrapping 

Philip Carey Manufacturing 


Company, The 
M. J. Crose Manufacturing Co., Inc. 


@ Products 
Corning Glass Works 


HEATERS, PAINT 
Nordson Corporation 
The Spee-Flo Company 
HOSE 

Flexible 

Raytherm Corporation 
Fluorocarbon 
Resistoflex Corporation 


HOLIDAY DETECTORS 
Tinker Rasor 


INHIBITORS 

Armour Chemical Division 
Tretolite Company 

Visco Products Company 


Bldg., Houston Texas. 


INJECTORS, CHEMICAL 
Texsteam Corporation 


INSTRUMENTS 


Cathodic Protection Service 
Cosasco Division 

Crest Instrument Company 
Fisher Research Laboratory, Inc. 


INSULATING MATERIALS AND 
EQUIPMENT 


Cathodic Protection Service 
Dresser Manufacturing Division 
F. H. Maloney Company 

T. D. Williamson, Inc. 
INSULATION, THERMAL 
Fibreboard Paper Products Corp. 


LEAD LININGS 

Stoneware Company 

LEAD PRODUCTS 

American Smelting & Refining Co. 
LININGS 

The Glidden Company 


MAGNESIUM 
The Dow Chemical Company 


METERS 


Brance-Krachy, Inc. 
Cathodic Protection Service 
Fisher Research Laboratory, Inc. 


NICKEL, ALLOYS AND PLATING 


General American Transportation 


orp. 
International Nickel Company, Inc 
PAINTS 
The Glidden Company 


PIPE 

Coating Equipment 

Perrault Equipment Co. 

@ Dip. Fluorocarbon Laminated 
Resistoflex Corporation 

Finders 

Fisher Research Laboratory, Inc. 
Fluorocarbon Lined 
Resistoflex Corporation 

@ High Alloy 

Carpenter Steel Company, The 
Industrial 


Johns-Manville Sales Corp. 
Plastic 


Amercoat Corporation 
Republic Steel Corp. 


® Plastic Coated 

Republic Steel Corp. 

Plastic, Glass Reinforced 
The Fibercast Corporation 

@ Vinylidene Chloride Lined 
Saran Lined Pipe Company 
Wrapping 


Fibreboard Paper Products Corp. 
Midwestern Pipe Line Products Co. 
Protecto Wrap Company 


@® Wrapping Equipment 
Perrault Equipment Company 


PIPE LINE 

Felt Padding 

Philip Carey Manufacturing Co. 
PAINT HEATERS 

Nordson Corporation 

Spee-Flo Company 

PLASTICS 


Furane Plastics, Inc. 

U. S. Stoneware Company 
@ Tubing & Pipe 
Fibercast Corp. 

Stoneware Company 


PLASTISOLS 


Metal Thermit Corp. 
Stoneware Company 


PLATING, WROUGHT IRON 

Byers Company 
POLYVINYLCHLORIDE 

Joseph Ryerson Son, 
PRIMERS, PIPE LINE 

Gulf States Asphalt Company, Inc 
PROBES, HYDROGEN 

Texsteam Corporation 


PUMPS, PAINT 
Nordson Corp. 
The Spee-Flo Company 


RECTIFIERS 
Cathodic Protection Service 
Electric Manufacturing 
Lester Equipment Manufacturing 
Co., Inc. 


SAND BLASTING EQUIPMENT 
Clementina, Ltd. 

SEALS 

Maloney Company 


SHEET MATERIAL 
Raytherm Corporation 
SLEEVING 

Raytherm Corporation 
SPECIAL PRODUCTS 
Armco Steel Corporation 


SPLICING MATERIALS 
Cathodic Protection Service 
STEEL 

@ Alloy 

Lukens Steel Company 

Clad 


Lukens Steel Company 

Stainless 

Carpenter Steel Company, The 

International Nickel Company, 
Inc., The 

Joseph Ryerson Son, Inc. 

Stainless Steel Valves 

Alloy Products Company 


TANK SEAL MATERIALS 

Tresco, Incorporated 

TAPE 

Pipe Wrapping 

Crose Manufacturing Co., Inc 
Dresser Division 
The Kendall Co.—Polyken Sales 
Plicoflex, Inc. 

TEES, FLUOROCARBON LINED 
Resistoflex Corporation 


TEST EQUIPMENT 

Environmental 
Bemco Inc. 

Ultrasonic 
McCormick Company 


TUBES 

Clad 

Raytherm Corporation 

@ Heat Exchanger and Condenser 

Phelps Dodge Copper Products 
Corp. 

High Alloy 

Carpenter Steel Company, The 

Plastic Coated 

Republic Steel Corporation 

Plastic, Glass-Reinforced 

Fibercast Corporation 

VALVES 


Cameron Iron Works, Inc. 
Crane Company 


®@ Safety & Relief 

Texsteam Corporation 

@ Steel 

Fabri Valve Company America 


WROUGHT IRON PIPE 
A. M. Byers Company 
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Effective 


Answers 
Your 
Toughest 
Corrosion 
Problems 


Since 1865, The Stoneware Co. has 
been one the principal manufacturers 
corrosion-resistant materials and 
equipment. One phase our work 
embraces the design and fabrication 
equipment inherently resistant chemical 
attack; second phase—the development 
materials, such coatings and linings, 
which will provide effective protection 

equipment more readily susceptible 

corrosion. 


you not plan the San 
Francisco meeting, let send you 
copy Bulletin T-1 which describes 
briefly the many products make 
help you fight corrosion. Address: 
Stoneware, Dept. C-358, Akron Ohio. 


Whenever faced with tough cor- 


More often than not can come 


with effective answer. STON EWARE 


AKRON OHIO 


vic 
ation 
152-F 


CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


Numerous Events Are Set 
For March Conference 


Among the events scheduled for the 
14th Annual Conference San Fran- 
cisco are: 


Wednesday, March 


am—General business meeting 
the National Association Corrosion 
Engineers. Reports standing and 
other committees will heard. The an- 
nual reports the president, vice- 
president, executive secretary and treas- 
urer the association will given. 

pm—Annual banquet. Presentation 
the 1957 Young Author Award and 
the 1958 Whitney and Speller Awards 
will made. 


Where Find Details 
Technical Program 


For complete information the tech- 
nical program please refer January, 
1958 issue CORROSION indi- 
cated below write for copy the 
advance program, 
registration and hotel registration 
cards. 


Technical Committee Meetings— 
Page 75. 


Technical Program, including abstracts, 
authors biographies—Page 89. 


CATHODIC PROTECTION 


Only per customer, per year, 
for Cathodic Protection your 


ENTIRE DISTRIBUTION SYSTEM 


Sturdily built and precision engineered, Good-All “Type 
rectifiers provide essential corrosion “insurance” for well coated 
systems, and are absolute necessity for poorly coated systems. 
Small concentration earth currents prevents interference 
foreign piping. heavy equipment needed for installation. 


Ask your representative for 


for rep. list.) 


SPECIFICATIONS 
Full-wave bridge selenium stack. 


immersed—16 gauge steel, 
attractive baked enamel 
case. Drain plug and dust seal. 

Input 115 volt 230 volt 
single phase. 60/50 cycles. (Dual 
voltage inputs are not available). 


our NEW CATALOG (Write Good-All 


STANDARD RATING TABLE 


finish 


Social Events and 
Ladies’ Program Set 


full complement social events 
has been arranged for the 14th 
NACE Conference San 
Also, capitalizing the undeniable 
ist attractions San Francisco, pro- 
gram has been arranged for 
participation that expected bring 
many the NACE meetings, some for 
the first time. 

schedule social events has been 
arranged follows: 

Sunday, March 

Ladies’ Headquarters Room, Fairmont 
Hotel will open pm. 

San Francisco area hostesses will 
present help planning the 
activities. 

Monday, March 

Ladies’ Headquarters Room, Fairmont 
Hotel, open from pm. 

San Francisco” Program. 

Tuesday, March 

Ladies’ Headquarters Room open from 

am—Land and sea tour San Fran- 
cisco bus and bay steamer. Return 
hotel mid-afternoon. 

Hour, Gold Room, 
Fairmont Hotel. 


Wednesday, March 


Ladies’ Headquarters Room open 
pm. 

am—Conducted tour San Francisco 
shops. 

pm—Annual banquet, Gold Room, 
Fairmont Hotel. Informal dancing. 


Thursday, March 


Ladies’ Headquarters Room open 
pm. 

pm—Luncheon Fairmont Hotel, fol- 
lowed talk flower arrangement. 


Friday, March 
Ladies’ Headquarters Room open 


to 9 pm. 


Tuesday 
(Continued From Page 81) 
cated articles used corrosive services 
will shown. 
Instruments Are Numerous 


addition the usual array elec- 
trical instruments, meters and measuring 
devices used corrosion engineers, 
variety devices will exhibited for 
use making corrosion measurements 
continuously while exposing samples 
the actual operating streams process 
equipment. These new developments 
measurement give the engineer 
check what happening his plant 
all times. 

Equipment for coating and wrapping 
pipelines with hot cold materials will 
shown. 


Cathodic Protection Equipment 


Newest developments cables, 
anodes, meters, rectifiers, spacers, insula- 
tors and other equipment for cathodic 
protection installations will featured 
several exhibitors. Many these 
also offer engineering service and design 
assistance. 

Anodes shown include all the 
commonly used galvanic and most 
the proved inert anodes available the 
United States today. 

Also display are wide variety 
pipes, pumps, valves, tees, elbows and 
other piping equipment metal and 
plastic. 
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SOUTHEAST REGION MEETING registrants 
examining display are Prime, Jr., Florida 
Power and Light Co., chairman Miami Sec- 
tion; Ebasco Services, Inc., 
New York, speaker and Sasman, Sasman 
Engineering Co., secretary-treasurer Miami 
Section. 

The meeting was held the Dinkler-Tutwiler 
Birmingham, Ala., Oct. 10-11, 1957. 
There were members and guests the 
conference and 200 persons attended the ban- 
quet. Dinner speakers were Mr. Joseph 
Frink, Florida Power and Light Co. and Mr. 
Bills, former member the Miami News staff. 


Genessee Valley Section 
Hears Talk Pumps 


Genessee Valley Section met jointly 
with AIChE hear talk Design 
and Applications Centrifugal Pumps 
for Corrosive Service the December 
section meeting. Philip Olmstead, 
Gould’s Pumps, Seneca Falls, 
Y., was the speaker. The meeting 
was held Howard Johnson’s restau- 
rant with members and guests from 
both societies attending. 

Entrainment air vapor the 
suction side centrifugal pumps the 
major corrosion problem lead 
almost certain failure the 
pump specially designed for the serv- 
Mr. Olmstead said. Failure pro- 
vide for this the most common error 
making specifications. Alloy glass 
lined pumps are available for corrosive 
applications. 

Shaft failure due corrosion the 
most common type 
lem. Because the high surface veloci- 
centrifugal pumps, they are more 
subject corrosion than other parts 
the system which the pump 
component, said. 

November meeting the sec- 
tion was held the Liederkranz Club 
with members and guests attending. 


Kansas City Officers 


the December meeting Kansas 
City Section, new officers elected 
Serve tor the 1958 were: 
Alvin Singer, Gas Service Company, 
chairman; Jack Grady, Grady 
Company, vice-chairman; and Daniel 
Werner, American Telephone and Tel- 
egraph Company, secretary-treasurer. 


NACE NEWS 


MIGHTY HOLES 


LITTLE HOLIDAYS GROW 


goes without saying that every piece pipe Standard 
Pipeprotection electrically holiday detected the end its 
processing. The absence holidays indicates that the pipe, 
when underground, will last for many years, for the coating and 
wrapping has been done under ideal conditions correct tem- 
peratures materials and surroundings with dirt and mois- 
ture present and excellent bond has been achieved. 


Yes, you can cheaper way, but don’t blame the work- 
men entirely for poor results. The man blame the Weather- 
man. may blow dirt, moisture, dust, rain snow onto the 
pipe under the primer between the coatings and wrappings. 
When holiday detected, holidays may not show up. 


The pipe goes underground. Then, the impurities work 
causing holidays, and time, the little holidays grow into 
mighty holes. 


wise, buy the finest pipe protection, 
buy Standard Pipeprotection. 


standard pipeprotection inc. 


3000 SOUTH BRENTWOOD ST. LOUIS 17, MISSOURI 


St. Louis Past Chairmen 
Receive Awards Dec. 


Campbell, executive secretary 
NACE gave past-chairman certificates 
Mssrs. Otto Fenner, Ries, 
Sanford, Smith and George 
Shutt the St. Louis Section’s Second 
Annual Ladies’ Night December Mssrs. 
Whitney, Jr. were not present receive 
their certificates. 

elect, spoke “NACE Looks Ahead.” 
standing ovation was given past 
chairmen and Mr. Campbell for their 
work behalf NACE. 

Dancing was enjoyed after the busi- 
ness meeting. 


COKE BREEZE 


Backfill for Anodes 
Ideally suited for use with anodes. Has a high carbon 
content and comes in sizes of Ye-inch x 0 to % 


x VY inch. In bulk or sacks. Prices on other sizes 
on request. 


National Carbon Anodes 
Magnesium Anodes 
Rectifiers 


HOLESALE 
COKE COMPANY 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


Box Mt. Olive, Ala. 


ENGINEERS Vol. 


PERMIAN newly elected first vice-chairman Roscoe Jarmon, Cardinal Chemical Co,, 
gets undivided attention talks his fellow officers. From left right they are George 
Harding, Gulf Oil Corp., second vice-chairman; Mr. Jarmon; Jack Collins, Continental Oil Co., 
chairman and Robert Booth, Plastic Applicators, Inc., John Gannon, 

The Texas Co., trustee was not present for the photograph. 


Suchanek Elected 
Head Teche Section 


the December meeting Teche 
Section the following officers were 
elected for 1958: Max Suchanek, 
Dowell, Inc., chairman; Lee De- 
Rouen, Union Oil Gas Corp. Louisi- 
ana, vice-chairman; John Stone, Sun- 
ray Mid-Continent Oil Company, secre- 
tary; Samuel Fairchild, Texas Pipe 
Line Company, treasurer, and 
Bassham, The Tret-O-Lite Company, 
trustee. 


Announcing Three Complete 
Locations Serve You! 


HOUSTON. Wayne 
Johnson, 
rects the company’s ac- 


GREAT BEND, KANS. 
Mid- 
Western representative 


NEW 
James Condry, New 
Orleans representative, 
graduate Electrical En- 


tivities from the Main 
Office Houston. Mr. 
Johnson well known 
the cathodic 
profession and the 
author many technical 
articles the field. 
Box 19177, Houston, Tex. 


for Corrosion Rectifying 
Company graduate 
Kansas State College 
with extensive experi- 
ence salt water dis- 
posal and corrosion pre- 
vention. Rt. Great 
Bend, Kansas. 


gineer charge eval- 
uation, design, installa- 
tion and materials sales 
for the 
tory. has wide experi- 
ence marine and off- 
shore installations. 2322 
Airline Highway, Ken- 
ner, 


Complete corrosion prevention service (Cathodic Protection) for Pipe 
Lines, Gathering Systems, Well Casing and Offshore Installations 


CORROSION RECTIFYING CO., INC. 


5310 Ashbrook 


Phone 7-6659 


Houston, Texas 


SECTION 


CALENDAR 


Feb. 


Shreveport Section, Washington- 
Youree Hotel. 


Cleveland Section. Matthew 
Braidech, National Board Fire 
Underwriters. 


Chicago Section. Properties and Uses 
Epoxy Resins, Howard, 
Shell Chemical Corp. 

Orleans-Baton Rouge Section. 
Engineer’s Club, Soto Hotel, 
New Orleans. 


Tulsa Section. Mayo Hotel, Tulsa. 


Southwestern Ohio Section, Zions- 
ville, Ind. Corrosion Meters and 
Blowers. 


March 


Montreal Section. Queen’s Hotel, 
Montreal, Jason Waller, Cana- 
dair, Ltd., speaker. 

Shreveport Section, Washington- 
Hotel, Shreveport. 

Chicago Section. Use and Applica- 
tion Aluminum and Aluminum 
Alloys ¢he Oil and Chemical 
Industries, Flournoy, Rey- 
nolds Metals Co. 

New Orleans-Baton Rouge Section. 
Engineers Club, DeSoto Hotel, 
New Orleans. 

Tulsa Section. Mayo Hotel, Tulsa. 

Ohio Section. Hamil- 
ton, Sponsored Champion 
Paper Co. Subject: Paper Industry 
Corrosion. 


Hill Elected Detroit 


Results the recent election new 
officers for the Detroit Section serve 
for the calendar year, 1958 are fol- 
lows: David Hill, Timken-Detroit 
Axle Company, chairman; Gleek- 
man, Wyandotte Chemicals Company, 
vice-chairman; Carl Durbin, Chrys- 
ler Corp., Engineering Division, secre- 
tary; and Euel Vines, Koppers Com- 
pany, Inc., 
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Oklahoma Short Course 
for April 1-3 


Announcement the corrosion short 
course held the University 
Oklahoma, April 1-3, 1958 and the elec- 
tion new section officers were prin- 
cipal events the December 1957 
meeting Central Oklahoma Section. 
Allen, Anderson-Prichard Oil 
Corp. Oklahoma City, spoke 
group Asphalt Mastics and Their 
Uses. The next section meeting will 
held Jan. £3, 1958. 

Newly elected officers are James, 
University Oklahoma, chairman; 
George Evans, Southwestern Bell 
phone Co., vice-chairman; Frank 
Burns, Kerr McGee Oil Industries, Inc., 
secretary-treasurer, and Allen, An- 
derson-Prichard Oil Corp., trustee. 

The meeting was held the Tropical 
Cafeteria with members and one 
guest 


Teche Section Short 
Course Set for June 4-6 


Teche Section has scheduled its sec- 
ond short course corrosion control 
for June 4-6. The course will held 
Southwestern 
Lafayette, La. 

Max Suchanek, Dowell, Inc., 
Box 830, Lafayette, La. will give addi- 
tional information request. 


West Virginia Course Set 


The National Association Corro- 
sion Engineers will cooperate with Uni- 
versity West Virginia holding 
corrosion control short course. The 
course has been approved the 
NACE Education Committee. 


North Central Region NACE meets 
Cincinnati 


TECHNICAL PROGRAM 


Chronological Schedule 


Following chronological summary 
most the technical program arranged 
for the March 17-21 Fourteenth Annual 
Conference and Exhibition San Fran- 
cisco: 


Monday, March 17 


Afternoon: Symposia—Pipe line, Protective 
Coatings, Part 1; Refinery Industry, Part 1. 


Tuesday, March 
Morning: Symposia—Protective Coatings, 
Part 2; Oil and Gas Production, Part 1; 
Chemical Industry, Part 1. 


Wednesday, March 19 

Mornings: Symposium—Corrosion Principles, 
Refinery Industry, Part 2; Underground Cor- 
rosion Coordinating Round Table and T-7 
meeting; Corrosion inhibitor. 

Afternoon: Symposia—Cathodic Protection, 
Genera! Corrosion, Part 1; Chemical Indus- 
try, Part 2. 


Thursday, March 20 
Morning: Symposia—Elevated Temperature, 
Utilities, Oil and Gas, Part 2; Chemical 
Industry, Part 
Afternoon: Symposia—Plastics, General Cor- 
rosion, Part 2; High Purity Water. 


Friday, March 21 


Morning: Symposia—Marine, Pulp and Paper, 
Aircraft Industry. Pipeline and Underground 
and General Corrosion Round Tables. 


Send Coupon Now For Full 


NACE NEWS 


TRUSCON CHEMFAST 
Combats Extreme 
Corrosion Conditions 


investment Chemfast protection now will pay you main- 
tenance dividends for years come. Check these Chemfast 
features save money for you! 


Contains Devran Epoxy Resin 
Resists Chemicals 

Exceptionally durable for interior 
exterior 

Resists excessive abrasion 

High Operating Temperatures 

350°F. 

Available functional, morale- 
building colors 

Chemical resistance effective wood, 
metal and masonry surfaces 

Apply conventional methods 
including hot spray 


Truscon qualified representatives will provide prompt 
tion, color guidance and consultation without obligation. 


Information! 


Name 
Address 
City. 


TRUSCON Laboratories 
1700 Caniff, Dept. 
Detroit 11, Michigan 


Have Representative call for appt. 


e 


PHOTOGRAPHS 
WANTED 


suitable for use 
the front cover 


CORROSION 


if you have a photograph showing the re- 
sults of corrosion, or the results of corrosicn 
mitigation, or toth, availabie for use on the 
front cover of CORROSION, please send it 
to the address given below. The photograph 
should be printed on glossy paper, in cooj 
contra:t, have the subject matter arranged 
along the long dimension of the print if pos- 
sible, and include in the print some object 
indicating relative size. it must be made 
available cost CORROSION and 
pre.eraply without the necessity ot indicat- 
ing credit and shosld not have been used 
previously in a publication reaching a sub- 
stantial number of the same persons anoig 
whom CORROSION circulates. Obvious adver- 
tising of trade-marks is undesirable. A re- 
lease for publication signed by every person 
pictured and recognizable should accompany 
photographs. 


Please accompany photographs with appro- 
priate descriptions of materials, corroding 
media, or other pertinent information suffi- 
cient for an understanding of the subject 
matter. 


Mail photographs to: 


Ivy M. Parker, Editor 
CORROSION, 

Houston 2, Texas 


APE COAT? Quality 


Your Guarantee 


reduce maintenance costs, get the best possible 


Fittings, Couplings, 


SOME THE REGISTRANTS AND INSTRUCTORS THE UNIVERSITY ILLINOIS Biennial Short Course 
on Cathodic Protection December 9-13 are, left to right, front row: M. D. Carlton, Southern Cross Foresters 
Atlania, Ga.; M. D, Foizenlogen, Atlantic Refining Co., Dallas; A. Miceli, Illinois Power Co., Decatur, il, 
G. N. Quick, Illinois Power Co., Champaign, III ; (unidentified); Ralph A. Bacon, Dow Chemical Co., Midland. 
Mich.; Emil P. Gohn, Atlantic Refining Co., Philadelphia; Frank B. Burns, Kerr-McGee Oil Industries, Inc, 
Wynnewood, Okla.; H. W. Rice, Monsanto Chemical Co., St. Louis; W. H. Bruckner, University of Illinois. 

econd row: Carl Conner, Citizens Gas Co., Tuscola, III ; William Mercier, Dearborn Chemical Co., Chicago; 
Quincy, Montana-Dakota Utilities Co., Glendive, Mont.; Coburn, Association American Railroads, 
Ch:cago; Harry R. Aschan, Good-All Electric Mfg. Co., Ogallala, Neb.; R. H. Taylor, Illinois Bell Telephone 
Co., Chica:o; D. H. Jones, Duriron Co., Dayton, Ohio; D. R. Werner, American Telephone and Telegraph 


Third row: Harry Kroon, IIl’nois Bell Telephone Co., Chicago; H. E. Anderson, Central Illinois Public Service 
Co., Mattoon, Ill.; Len Homyak, Goodyear Atomic Corp., Portsmouth, Ohio; Henry Steinhauer, Goodyear Atomic 
Corp., Po:t.mouth, Ohio; Earl H. Ruble, Duluth, Minn.; Ole G. Jansson, University of IIlinois. 

Fourth row: H. N. Hayward, University of Illinois; A. A. Gordon, Standard Oil Co. (Ind.), Chicago; F. £, 
Bruch, Shell Oil Co., Scotts, Mich.; R. P. Brown, Sinclair Pipe Line Co., Mazon, II!.; Robert Schwede, Montana- 
Dakota Utilities Co., Glendive, Mont.; M. A. Hendrickson, Minnesota Mining & Mfg. Co., St. Paul, Minn.; 
J. L. Miller, National Carbon Co., Cleveland; R. H. Joes, Indiana Farm Bureau Cooperative Assoc., Mt. 
Vernon, Ind.; R. J. Smith, Commonwealth Edison Co., Chicago. 


Top row: Walter Luce, The Duriron Co., Dayton, Ohio; Burke Douglas, Dow Chemical Co., Midland, Mich.; 
Ma:shall Parker, Houston. 


WillisRodney Whitney Dies 


Willis Rodney Whitney, 89, after whom 
the NACE Whitney Award was named 
and who received first, died heart 
attack Schenectady, Dr. Whitney 
formulated the accepted electrochemical 
theory corrosion Massachusetts In- 
stitute Technology and was borrowed 
General Electric Company found 
1900 and direct until 1932 its research 
laboratory. was retired from General Mar. Annual Conference, 
Electric. Civic Auditorium, San Francisco, 

Oct. 5-8—Northeast Region, Somerset 

Hotel, Boston, Mass. 


Oct. 15-17—North Central Region. Cin- 
cinnati, Ohio. 


Oct. 20-24—South Central Region. New 
Orleans, Roosevelt Hotel. 


1959 


NACE Annual Conference, Sherman 
Hotel, Chicago, Illinois. 


Oct. 12-15—South Central Region Meet- 
ing, Denver, Col. 


NATIONAL 
MEETINGS and 


SHORT COURSES 


For Pipe, 
Pipe Joints, 


SHORT COURSES 1958 


January 23-24—Houston Section Short 
Tanks, Tie Rods Course for Pipeliners, University 


Houston. 
and Conduit Feb. 12-14—Ninth Annual Tulsa Corro- 


sion Short Course for Pipeliners, 
Mayo Hotel, Tulsa, Okla. 


protection the lowest possible cost. Since 1941, 


TAPECOAT has proved its superiority combat- 
ing corrosion. This quality coal tar coating 


Feb. 13-14—Annual Short Course, 
Shreveport Section. Centenary College, 


handy tape form apply Shreveport. 


with the use torch. Requires trained help. 
Cuts maintenance and replacement costs. Comes 


June 4-6—Teche Section Second Annual 
Short Course Corrosion. South- 


rolls 2”, 4”, 18” and 24” widths. Also avail- western Louisiana Institute, 


able asphalt. 


ette, La. 


Write for brochure and prices 


Corrosion indexed annually 
cember with alphabetical subject, alpha- 
betical author index and collected contents 
the Technical Section and annual 
subject index the Corrosion Abstract 
Section. 


Feb 
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Chemically inert 


fittings, too 


Made with standard and 
150# ASA housings (short ra- 
dius), these 45° and 90° elbows 
can installed all standard 
flange piping systems. 


Fluoroflex-T lining extends 
over the full gasket face flange 
thus providing chemically inert, 
one-piece continuous barrier 
against all corrosive fluids. 


Fluoroflex-T type pipe and 
fittings are available 1”, 112”, 
2”, 3”, and sizes. 


FLUOROFLEX-T TEFLON ITS BEST 


It’s known fact that proper- 
ties Teflon can changed 
manyfold deliberate acci- 
dental minor variations proc- 
essing methods. The fabricator’s 
experience, therefore, the 
user’s best assurance quality 
and performance. 


Originators high temperature 


NACE NEWS 


universally corrosion-PROOF piping 


Here chemically inert piping system that now 
means substantial savings for plants where severe 
corrosion costly downtime problem and 
thermal shock ever-present hazard. 


CORROSION HIGH TEMPERATURE AND PRESSURE 
Lined with patented high density compound 
Teflon, Fluoroflex-T type Pipe can handle vir- 
tually every known corrosive substance 500°F. 
will not contaminate the fluids handled. 


The Fluoroflex-T liner formed over the full 
gasket face the flange, eliminating troublesome 
joints with built-in protection and sealing that re- 
quires extra gasket. housed within schedule 
seamless steel pipe with 150# ASA 
300# ASA flanges also available. 


ACTUAL SERVICE REPORTS Replacing glass lined steel pipe 
for handling 20% hydrochloric acid 248°F and psi, 
pipe lined with Teflon resin was still use months later. 

Lined pipe replaced silver lined pipe for handling acidic 
stream boron trifluoride acid and organic 
acid 347°F, was unchanged after months. 


Write for data and nearest distributor. 


Fluoroflex-T com- 
pletely covers full 
gasket face flange 
making integral 
gasket and liner ab- 
solutely immune to: 


All acids including 
drofluoric, hydrochloric, 
sulphuric, aqua regia 


all caustics 


® all chlorides 


inorganic and organic 
all sulphates 

solvents 

phenols 

all bleaching solutions 
all peroxides 


concentrations 


® Fluoroflex is a Resistoflex trademark, reg., U.S. off. ® Teflon is a DuPont trademark. 


fluorocarbon hose assemblies 
CORPORATION 


Roseland, New Jersey - Western Plant: Burbank, Calif. - Southwestern Plant: Dallas, Tex. 
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Voorhies Wogan 


Corrosion published 137 articles 

ports its Technical Section during 1957. 

North Central Region NACE 
Cincinnati 1958. 


meets 


Creel 


Oxford MacDougall 


GINEERS Vol. 


Redden 


Robinson 


Committees Are Named for New Orleans 


South Central Region Conference 


The arrangements committee has been 
named for the October 20-24 South Cen- 
tral Region Conference and Exhibition 
held the Roosevelt Hotel, New Or- 
leans. MacDougall general chair- 
man the meeting which will have five 
corrosion problems related 
oil and gas production, marine ex- 
posures, pipe lines, utilities and the proc- 
ess industries. 

Technical Program Chairman 
Oxford, Jr. 

Technical committee meetings will 
scheduled Monday, Tuesday and 
Wednesday and symposia will held 
Thursday and Friday mornings. Regis- 


PURPOSE 


“Purpose what gives life meaning 


Above and beyond the mere neces- 
sity conduct successful opera- 
tion, every sincere businessman has 
purpose. 

That purpose provide the 


best possible product 
consistently. 


That what gives real substance 
his daily endeavors. 


That, fact, what brings about 


has been with Mayes Bros. 


AYES 


HOUSTON, TEXAS 


‘ 


For years our real purpose has 
been provide the best possible 
pipe cleaning, coating and wrapping 
job; job that will permanent, 
job that will stand under the as- 
saults underground corrosion 
forces. 

The purpose that has been the 
driving force behind every Mayes’ 
job can put work benefit 
you, too, your next pipe wrap- 
ping and coating job. Why not take 
advantage it? 


2-7566 


tration will open Monday morning and 
continue through Friday noon. 

The committee expects that the tech- 
nical program will rivalled at- 
traction the well-known opportunities 
offered New Orleans for entertain- 
ment and recreation. ladies’ program 
will arranged also. 

Committeemen named, addition 
those previously mentioned are: 
Robinson, assistant general chairman; 
O’Rourke, local arrangements chair- 
man; Bird, local arrangements 
vice-chairman; Gould, technical 
program co-chairman; Keith Ebner, 
finance chairman; Phil Wogan, publicity 
chairman; McMurry, entertainment 
chairman; Mrs. Voorhies, ladies’ 
program chairwoman; Redden, 
transportation chairman; Doyle, 
field trips; Creel, communica- 
tions; Harold Bell, properties; Jack 
Dart, projection; Ackenhausen, 
registration chairman; Nils Wirstrom, 
printing chairman; Otto Grosz, hous- 
ing chairman. 


Carolinas Section Hears 
About Bituminous Coatings 


“The Molecular Theory Bitumi- 
nous Coatings,” Pittman, 
Koppers Company Inc., Pittsburgh, Pa. 
was the topic technical discussion 
the Carolinas Section meeting, De- 
cember New section officers were 
elected the business meeting. 

Stan Livingstone Coat- 
ing Corp. was elected chairman; 
Penrose, Aluminum Company Amer- 
ica, Charlotte, C., vice-chairman, and 
Bob Gardner, Koppers Company, Inc., 
Charlotte, C., secretary-treasurer. 
The meeting was held the Mecklen- 
burg Hotel. 

The 1957 alphabetical subject index 
Corrosion’s Technical Section occupies 
four pages. 


Ackenhausen Bell Dart Doyle Ebner 
_ 
McCarty 
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Western Region Elects 


Tandy Director 


Tandy, head equipment inspector 
for Segundo Refinery, Standard Oil 
Company Califor- 
nia has been elected 
director representing 
Western Region 
the NACE board. 
will take office 
the last day 
the March 17-21 
conference San 
Francisco. 

NACE 
ber since 1948, Mr. 
Tandy has held re- 
gional offices. Since 
his attendance 
University Tandy 
fornia Los Angeles with major 
most his time corrosion and inspec- 
tion work. 1955 was loaned 
Standard Petrobras organize corro- 
sion and inspection sections for its new 
60,000 barrel refinery near Santos, 
Brazil. 


DONALD STOUGH 


Donald Stough, corrosion coordi- 
nator for Titanium Metallurgical Lab- 
oratory, Defense Department project 
Battelle Memorial Institute, Colum- 
bus, Ohio died November after short 
illness the age 27. was recog- 
nized authority the corrosion 
resistance properties titanium. 

Besides his work Battelle, was 
attending graduate school Ohio State 
University. was graduate Ohio 
State and survived widow and 
one 


Technical Papers 
Scheduled for March 


Use the Bureau Mines Conden- 
sate-Corrosion Tester for the Survey 
Return Line Deterioration 
Berk. 

The Use Magnesium for the External 
Cathodic Protection Marine Ves- 

Thermal and Osmotic Countermeasures 
Against Some Typical Marine Foul- 
ing Organisms Denis Fox and 
Eugene Corcoran. 

Prevention Localized Corrosion 
Acid Handling Equipment George 
Nelson. 

Electrical Resistance Corrosion 
Meter—Some Considerations De- 
sign and Application Marsh 
and 

Stress Corrosion Austenitic Stainless 
Steel Geothermal Steam 
Marshall. 

Corrosion Power Distribution Systems 
Below Ground Piper. 

Simplified Method Preparing 
Solutions Glycerol and Water for 
Humidity Control James Braun 
and Japnell Sturrock. 

The Copper-Sulphate Electrode Gor- 
don Scott. 

Corrosion Lead Sheath Manhole 
Water Yoshitada Yamaguchi and 
Tsuneo Shimozaki. 

Corrosion Metals Tropical En- 
vironments, Part Five Non-Ferrous 
Metals and Structural Steel 
Thompson. 


NACE NEWS 


85% solids content 


Needs only coats (12 mils) 


Gives 2-3 times longer life, eliminates 
1-2 recoating cycles 


Costs less apply 


Can brushed sprayed 


Phenoline 305 forms tough, non-porous 
maintenance coating that protects against 
the corrosive effects most acids, alkalies 
and solvents. gives effective, economical 
protection equipment exteriors, structural 
steel, concrete floors and walls, and pump 
bases. Also used deck coating. 


Here’s rugged, heavy-duty, long-lasting 
maintenance protection against severe cor- 
rosive conditions. And because fewer coats 
give greater thickness, Phenoline 305 actu- 
ally costs less than many so-called “cheaper” 
protective coatings. Use CARBOLINE’s EN- 
GINEERING APPROACH compare cost per 
sq. ft. per year service. 


Write today for Bulletin 600 with 
complete information this su- 
perior heavy-duty corrosion pro- 
tection Phenoline 305. 


Manufacturers 
PHENOLINE, 
RUSTBOND PRIMERS 


32-A Hanley Industrial Ct. 
St. 17, Mo. 
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Spraying tips for 
CORROSION 


How eliminate edges. Attaining 
ridges, corners and projections prob- 
lem with any protective-coating job. 


Since these surfaces are subject more 
exposure and wear, they are the first 
points film failure almost every 
instance. Methods that wipe, brush 


roll material onto the surface generally 
leave these critical points starved. The 
remedy—DeVilbiss spray method. 


ORDINARY METHOD SPRAY METHOD 


—~ 


Ridges and recesses are uniformly coated 
spray method; thin coats edges 
are eliminated. 


DeVilbiss hot spray even better. With 
heated paint you get heavier film-builds 
with higher solid-content materials—and 
reduce the shrinkage that draws film 
thin over sharp corners during drying. 


COLD PAINT 


Hot-sprayed material reaches the surface 
with less thinner present than “cold” 
applications. 


you have corrosion problem that 
coating can solve, perhaps the DeVilbiss 
spray method can reduce the cost 
application. Call your DeVilbiss repre- 
sentative today and discuss your situa- 
tion with him. The DeVilbiss Company, 
Toledo Ohio; Barrie, Ontario; London, 
England. Branch offices principal cities. 


CORROSION——-NATIONAL ASSOCIATION OF 


Niagara Section Will 
Sponsor Display 
NACE Publications 


Publications the National Associa- 
tion Corrosion Engineers will dis- 
played booth during the Technical 
Societies’ Conference Buffalo, 
Memorial February 18-20. 
Niagara Frontier Section, which has 
made arrangements for the booth with 
managers the conference, expects 
man the booth with section members. 
Through this means expected that 
many will learn about the advantages 
NACE membership and what the 
association doing for industry help- 
ing control 

The principal purpose the confer- 
ence provide common meeting 
place where executives, engineers, 
chemists and future members the en- 
gineering professions and 
may see the industrial achievements 
the Buffalo area. Four groups stu- 
dents will make guided tours each 
the three days. 

The section also contemplates offer- 
ing cash prize high school senior 
and junior high school student for 
the best related corrosion 
performed during the year. 

Fontana, professor metal- 
lurgical engineering Ohio State Uni- 
versity expected attend the event 
February talk students edu- 
cational requirements for 
engineer and answer questions. 
panel discussion held during the 
evening the 20th with Walter 
Szymanski, Hooker Electrochemical 
tana, sponsored The Duriron Co.; 
and representatives Electrometallur- 
gical Division, Carbide and Carbon 
Chemicals Co., Carborundum Metals 
Co. and National 
Allied Chemical Dye Corp. 


Shreveport Section Short 


Course Program Given 


Program for the February 13-14 Sev- 
enth Annual Corrosion Control Short 
Course sponsored Shreveport Sec- 
tion given below. The 
held cooperation with Centenary 
College, Shreveport, its science build- 
ing. 

Thursday, Feb. 13—Soil box demon- 
stration fundamental causes cor- 
rosion. Demonstration high school 
project corrosion. Corrosion consid- 
erations design construction. Impor- 
tance recognizing and reporting cor- 
rosion. Underground pipeline coatings. 
Practical use the holiday detector. 
Cathodic protection design fundamen- 
tals. Economic considerations 
sion control. Cathodic protection main- 
tenance. 

social hour and banquet will 
held beginning 6:30 pm. 

Friday, February 14—Inhibitors and 
wells. Inhibitor squeezing techniques. 
Plastic materials for corrosion control. 
Processing plant inspections and corro- 
sion detection. Discussions internal 
and external corrosion and related sub- 
jects. 

Registration fee $12.50, including 
two noon meals, social hour and banquet. 


North Central Region NACE meets 
Cincinnati 1958. 


CORROSION 


ENGINEERS 


PHILADELPHIA SECTION’s December 
meeting featured talk Mars 
(right) ways combat corrosion Seen 
the photograph from left right are Walter 
Burton, Allied Chemical and Dye 
chairman elect; Cogshall, Pennsalt Chem- 
icals Corp., Philadelphia; Spencer, Key- 
stone Shipping Co. and Fontana, 


Burton New Chairman 
Philadelphia Section 


Walter Burton, General Chemical 
Allied Chemical Dye Corp, 
Camden, was elected chairman 
Philadelphia Section its December 
meeting. Other officers elected were: 
Mercer, Pennsalt Chemicals Corp., 
vice-chairman; Deichler, Refining 
Division, Atlantic Refining 
tary-treasurer. Some members and 
guests were present. 

The meeting featured also talk 
Mars Fontana, Dept. Metallur- 
gical Engineering, Ohio State University, 
ways combat corrosion, Dr, Fon- 
tana formerly was president NACE. 

Members and guests enjoyed enter- 
tainment consistent with the Christmas 
season. 

scheduled subject Baker, Union 
Carbide Corp. for presentation the 
section’s February 

Jelen, Solvay Division, Allied 
Chemical Dye Corp., the scheduled 
speaker the May meeting Engi- 
neering Cost Comparisons. 

Meetings are held the Poor Rich- 


ard Club with dinner beginning 
6:30 pm. 


Plastic Coating Tubing 
Topic Shreveport 


Shreveport Section’s January meet- 
ing, with approximately attending, 
featured Barnard Goodman, Research 
Director Tube-Kote, Inc., its prin- 
cipal speaker. “Principles Plastic 
Coating for Oil 
Petro-Chemical Goods” was the topic 
Goodman’s talk. 

was announced that the section’s 
short course will February 13-14, 
Centenary College Shreveport. The 
following were introduced new offi- 
cers: Irish, chairman; Wise, 
vice-chairman; Naremare, treasurer 
and Grady Howell, secretary. 


Have You Noted 

The Technical Topics 
Section? 

nical Topics” section published. in- 
cludes timely technical information 


likely interest you. Turn Page 
105 this issue. 
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Time Lapse Movies 
Measure Surface 


Corrosion Rate 


technique for measuring the rate 
corrosive gas has been developed 
the National Bureau Standards. The 
procedure employs time-lapse photog- 
raphy the reacting solid that 
permanent record the reaction’s prog- 
ress Obtained specified time inter- 
vals. From the photographs accurate 
measure the dimensional changes and 
thereby the rate change mass 
the sample can obtained. Besides 
being rapid and simple, this method 
has the additional advantage of being 
applicable any large number 
gas-solid reactions. Developed 
McKinley the Bureau’s High Tem- 
perature Processes Group the Tem- 
Section, the method 
resulted from program experimental 
supported the Chemistry Branch 
the Atomic Energy Commission. 

Few studies gas-solid reactions in- 
volving volatile products have been con- 
ducted even though reaction rate meas- 
for such systems provide valu- 
able information the mechanism 


the high temperatures 
experimental complications arise. The 


time-lapse photographic method offers 
problems, Recently the very 
action between nickel and chlorine was 
studied the bureau utilizing the tech- 
nique. 


Chloride Reaction Studied 

reaction nickel with chlorine 
observed over temperature range 
1100 1700 The reaction was carried 
out cylindrical Pyrex vessel which 
can viewed through windows two 
side arms right angles each other. 
The reaction vessel designed for 
evacuation pressures low 10° 
mercury. The desired tempera- 
tures are obtained 
sample, which takes the form 
cylindrical wire, between 
heated. optical pyrometer focussed 
the sample through one the side 
arm windows allows this temperature 
accurately measured. 

through the other side arm window. 
reflector lamp radiation from the 
sample and magnification produced 
lens system which gives film image 
the sample eight times actual size. 

microswitch operated synchro- 
nous motor releases the shutter and ad- 
vances the film regular intervals. 


Rate Linear With Time 
chlorine from high-pressure reservoir 
flowed through the apparatus various 
constant pressures between 0.1 and 0.5 


ee 


The rate at which gas attacks a wire specimen is 

determined photographically at the National Bureau 

Standards. The reaction takes place the two- 

armed cylindrical vessel the line vision 
the scientist. 


taken 15- 30-second intervals 
established that the rate change 
sample diameter and therefore the rate 
the photographically obtained data 
revealed that the reaction rate pro- 
portional the chlorine pressure and 
extremely rapid—at least out every 
gas molecule collisions with the sur- 

Since the photographic method does 
not depend any physical 
properties the reactants, offers 
several conveniences. For example, sur- 
face temperature measurements are 
made the same spot upon which the 
camera focused. This eliminates not 
only the problem maintaining large 
surface uniform high temperature 
but also that measuring the area 
reacting surface. With this method 
observation the gas and metal surface 
also may heated independently and 
maintained either the same differ- 
ent temperatures. 


1. For further technical details, see Kinetics 
of the Reaction Between Nickel and Chlorine 
Above 1100 Ky, by J. DD. MeKinley, Jr. and 
kK. E. Shuler. Proceedings of the XVI Con- 
gress of Pure and Applied Chemistry, Paris, 
1957. 


Atomic Energy Meeting 


The First Annual Texas Conference 
Utilization Atomic Energy has 
been scheduled for March 31-April 
Texas College, College Sta- 
tion, Texas. The program includes dis- 
cussion reaction isotopes, nuclear 
waste disposal, petroleum industry ap- 
plications atomic energy and nuclear 
education. 


Annual Appalachian 


Underground Corrosion 
Course Set June 10-12 


The 1958 Third Annual Appalachian 
Underground Corrosion Short Course 
will held June 10-12 West Virginia 
University, Morgantown, Va. The 
university School Mines, which 
making arrangements for the event, re- 
ported that enrollment greater than the 
450 registered 1957 anticipated. 

The course designed give tech- 
nical and non-technical presentations 
the practical value and theoretical as- 
pects the causes corrosion, has 
received the acceptance the American 
Gas Association and has been endorsed 
the National Association Corrosion 
Engineers. 

Arrangements for the course were 
the general course committee 
burgh with Erickson, Jr., Peoples 
Natural Gas Co., Pittsburgh, general 
chairman, presiding. 

Western Pennsylvania Corrosion 
Committee, affiliate NACE’s T-7 
Corrosion Coordinating Committee, one 
the exhibitors the event, will dis- 
play publications NACE, discuss 
applications for membership the asso- 
ciation and answer questions about 


AWS Technical Meeting 
Scheduled for April 14-18 


The American Welding Society will 
hold its annual technical meeting April 
14-18 Hotel Statler, St. Louis. 
informal welding conference, less 
technical basis, also will conducted. 
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CORROSION 


Nuclear Congress Schedules 
Corrosion Control Papers 


Several papers concerned with corro- 
sion control will given during the 
1958 Nuclear Congress held 
March 17-21 Chicago. Among them 
are: 

Corrosion Behavior Uranium-Zir- 
conium Alloys High Temperature 
Water and Steam Kass, 

Corrosion Behavior Uranium-Nio- 
bium Alloys High Temperature 
Water Chirigos, Hino and 
Lombardo. 

Corrosion Screening Component 
Materials for NaK Heat Exchange Sys- 
tems Samuel Basham, John 
Stang and Eugene Simons. 


NATIONAL ASSOCIATION OF CORROSION 

Dynamic Corrosion Tests Mate- 
rials Irradiated Organics 

Hydrogen Pickups Zircaloy-2 Dur- 
ing Corrosion High Temperature 
Water and Steam Kass, 
Goldman and Thomas. 

Preprints papers presented 
are available cents each from 
Congress Manager, American Institute 
Chemical Engineers, West 45th 
St., New York 36, 


Environmental Engineers 


The Second Annual Technical Meet- 
ing the Institute Environmental 
Engineers will held Hotel New 
Yorker, New York City, April 17-18. 


Send for complimentary 
copy our recently revised 
booklet Painting 
latest approved practices 
all marine maintenance. 


INTERNATIONAL PAINTS ARE 
UNIFORM ...THE SAME HIGH 
QUALITY EVERYTIME YOU USE THEM 


RINE PAINTS 


INTERNATIONAL 
PAINTS 


Gulf Stocks at: 


SAN ANTONIO MACHINE 
SUPPLY CO. 


Harlingen, Texas 
Phone: GArfield 3-5330 


SAN ANTONIO MACHINE 
SUPPLY CO. 
Corpus Christi, Texas. Phone: 2-6591 
TEXAS MARINE INDUSTRIAL 
SUPPLY CO. 


Houston, Texas 
Phone: WAlnut 6-1771 


TEXAS MARINE INDUSTRIAL 
SUPPLY CO. 
Galveston, Texas Phone: 5-8311 


MARINE PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—-8-4324 


FUEL SUPPLY INC. 
Morgan City, La. Phone: 5033-3811 


ROSS-WADICK SUPPLY COMPANY 
Harvey, La. Phone: Fillmore 1-3433 
VOORHIES SUPPLY COMPANY 
New Iberia, La. Phone: EM 4-2431 
MOBILE SHIP CHANDLERY CO. 
Mobile, Ala. Phone: HEmlock 2-8583 


BERT LOWE SUPPLY CO. 
Tampa, Florida ----- Phone: 2-4278 


Offices: 


New York Y., West St., Phone: WHitehall 3-1188 
New Orleans 15, La., 628 St., Phone: TWinbrook 1-4435 
So. San Francisco, Cal., So. Linden Ave., Phone: PLaza 6-1440 


ENGINEERS 


Diamond Used for High 
Pressure Reactions Studies 


Reactions hot materials 
sures 450,000 psi are being studied 
National Bureau Standards 
searchers. The test cell 
inch hole bored through Type 
diamond, fitted with tool steel pistons 
each 

The materials tested are inserted 
the tiny chamber, the pistons added 
and the whole placed hydraulic 
press surrounded induction heat- 
ing coil. applying pressure about 
pounds, the pressures inside the dia- 
mond are raised about 450,000 psi, 
the limit above which the diamond 
might split. The clear 
observation the materials under test, 
First experiments are being made with 
quartz and silica materials. 


Six Papers Scheduled 
Four Corners ASTM Meet 


Six papers were scheduled for presen- 
proposed Four Corners District, Ameri- 
can Society for Testing held 
Albuquerque, New Mexico. New 
ico, Arizona, Utah and Colorado are 
states included the district. 

Among the scheduled 
Testing and Exposure Life Tests 
Metallic Coatings, Sample, The 
International Nickel Co., Inc.; Testing 
for Mold and Fungus Resistance 
Materials Storage, Wessel, 
National Science, National 
Research Council; 

Concrete and Its Life 
Wagner, Albuquerque Gravel 
Co.; Testing and Exposure Life Tests 
Paints, Ralph Wirshing, General 
Motors Research Laboratories. 


Technion Haifa Offers 
Cathodic Protection Work 


Hebrew Technical College, Haifa has 
introduced cathodic protection 
ject for diplomate work. The electrical 
engineering faculty has several 
lectures the curriculum corrosion 
principles and cathodic 

Bargil, graduate the school 
electrical engineering has 
mitted his diploma work the faculty 
“Application Cathodic Protection 
Irrigation Network Comprising 
Reinforced Concrete and Steel Pipe 
Distribution Network.” work, done 
consultants, describes installation de- 
riving power from generators, 
bolstered magnesium anodes. 

Another candidate, Finary, recently 
has been sent the firm prepare 
work for his diplomate. 


Steel Founders Meet 

Steel Founders’ Society America 
will hold its 56th Annual Meeting the 
Drake Hotel, Chicago March and 18. 
The 56th fall meeting will held The 
Homestead, Hot Spring, Va. September 
22-23 and the 13th Technical and Operat- 
ing Conference Carter Hotel, Cleve- 
land, November 10-12. 

The society’s 57th Annual meeting will 
held March 16-17, 1959 the Drake 
Hotel, Chicago. 
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SIZES: 12” 
(12” sizes shown) 


MORE 
OUTSTANDING FEATURES. 
Tough resilient plastic 
will not crack 


BOX 4038 TULSA OKLAHOMA 


REPRESENTATIVES: HOUSTON AMARILLO PLAINFIELD. N J 
JOUET, © JACKSON, MICH. LOS ANGELES SAN FRANCISCO 
BARTLESVILLE, OKLAHOMA © SEATTLE © SALT LAKE CITY EDMONTON 
TORONTO VANCOUVER © BUENOS AIRES CABIMAS, ZULIA 
VENEZUELA ® DURBAN, NATAL, S. AFRICA © PARIS, FRANCE @ SIDNEY, AUST 


Extra wide band with 
ample runners for all 
around protection and 
support 
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Either way, you control corrosion 


Run your own corrosion control program. get reliable 
service organization for this important job. move 
the right one you, your service people, use high quality 
DIAMOND corrosion control chemicals sodium chromate 
and sodium bichromate. DIAMOND delivers them quickly from 
strategically located, ready-to-ship stocks. 


Get technical help from DIAMOND, too, service problems 
involving corrosion control. Call your nearby DIAMOND sales 
office write DIAMOND ALKALI CoMPANY, 300 Union Com- 
merce Building, Cleveland 14, Ohio. 


Diamond 
Chemicals 


Laminants Discussed 
Midland Coatings Group 


Laminants and laminations were dis- 
cussed Richard Hickman, field 
sales manager for the Com- 
pany December meeting the 
Midland Coatings Society. Mr. Hick- 
man, with long experience 
and marketing problems, has contributed 
articles and packaging many mag- 
azines and the Encyclopaedia Britan- 
nica. 

The meeting was held the Research 
Auditorium, Dow Library, Midland, 
Mich. 


Students Seeking Library 
Degrees Offered Program 


Graduates with undergraduate 
major chemistry chemical engi- 
neering interested in securing either the 
master’s degree doctorate library 
science may apply for admission into 
special program Reserve 
University, Cleveland. arrangement 
with Research and Engineering 
Co., Linden, Students who qualify 
for university admission and Esso em- 
ployment may take course alternating 
between semester study and 
semester employment. 

The work-study arrangement will con- 
tinue until the recipient the 
library science degree. 


BOOK NEWS 


Copper and Copper-Alloy Arc-Welding 
November, 1957. American Welding 
Society, West 39th St., New York 
18, Per copy, 40¢ 

Specifications for two types stranded 
aluminum-bronze electrodes 
aluminum-bronze electrode 
for use with the submerged process 
are published American Welding 
Society and American Society for Test- 
ing Materials. The electrodes 
tended for use with the shielded metal 
arc, inert gas metal (consumable 
electrode) and submerged welding 
processes. 


appendix aids users 


the best electrodes for their needs and 
for efficiency. 


Turn 
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Acid Cleaning 


Dowell Incorporated’s report “Effects 
Repeated Acid Cleanings Boilers, 
Heat Exchangers and Process Equip- 
ment” can obtained addressing 
request Box 536, Tulsa Okla. 


Aluminum 


Aluminum drivers’ licenses with essen- 
tial data photolithographed them are 
supplied drivers South Carolina. Be- 
cause the license renewable four- 
year intervals has stand consider- 
able wear and handling. 


Bearings 


Tin-Aluminum alloy bearings with tin 
percent and the remainder aluminum 
hardened percent copper are 
being used successfully large Diesel 
engines. The tin, reticular the alumi- 
num matrix supplied immediately 
there metal-to-metal contact between 
the shaft and the bearing, making soft 
layer over the surface 
breakdown. 


Boilers 


“Once-Through” type steam generators 
built for Southern California 
son Company Babcock Wilcox 
Company are designed for operation 
with variable pressure. The unit, 
built Huntington Beach, will provide 
thousand pounds steam hour 
the throttle 200 thousand 
temperature 1050 Universal pres- 
sure feature permits controlling turbine 
output boiler steam pressure instead 
throttling pressure the turbine. 


Cables 


Zippertubing Company, 750 San Pedro, 
Los Angeles, Cal., producing shield- 
casing for multiple conduct wiring 
cables consisting plastic saturated 
fiberglass backing laminated alumi- 
lead magnetic foil. The foil per- 
mits grounding readily. Maintenance 
easy because the zipper gives access 
the wiring. 


Coatings—Organic 


Tropical Paint Company, 1250 West 
70th St., Cleveland Ohio celebrated its 
mond anniversary dinner 
Carter Hotel. 


Aluminized steel used Chalfant 
Products Co., Inc., 11525 Madison Ave., 
Cleveland Ohio manufacture com- 
ponents cable support systems. The 
aluminum coating, under normal indus- 
ratio. Tests showed that after years’ 
exposure aluminized supports still are 
good 


GENERAL NEWS 


Coatings—Non-Metallic 


Dow Corning Corp., Midland, Mich., 
has issued Brochure 8-601 describing 
and illustrating its silicone coatings. 
Samples silicone treated paper are in- 
cluded the brochure. 


Concrete 


Chemfast Concrete, product Trus- 
con Detroit, when applied 
topping over Portland cement 
concrete base protects against most 
common chemicals. Its strength de- 
rived part from its epoxy resin binder. 

Carboline Concrete adhesive 192-34, 
modified epoxy material recommended 
Carboline Co., for use bonding 
new old concrete for repairing 
broken corners and other defects, avoid- 
ing necessity complete replacement. 
More information and samples 
obtained writing the company, No. 
Hanley Industrial Court, St. Louis 
17, Mo. 


Containers 


Semi-Rigid polyethylene inner contain- 
ers fiber drums are recommended 
re-usable salvageable packaging units 
for shipment corrosives du- 
Pont Nemours Co., Inc. The unit 
meets all requirements standard drop 
tests and has other useful features. 


Effluent Controls 


Micron Sized particles from dusts and 
liquids and other particles fumes, 
fogs and mists are removed 
bers and agglomerators developed 
Process Equipment Div., Arco, 12550 
Road, Detroit 39, Mich. Bulletin 
describes the devices and gives typi- 
cal applications well other services 
offered Arco. 

300-Foot Concrete Stack, topped with 
steel nozzle minimizes air pollution 
the vicinity the Halifax Paper Com- 
pany’s Roanoke Rapids, N.C. chemical 
recovery unit constructed Ebasco 
Services, Inc. 


Fittings 


Cast Stainless Steel fittings designed for 
services 2500 psi 670 are avail- 
able through 30-inch sizes from 
Cooper Alloy Corporation, Hillside, 
They are available 300 and 400 
series and include and degree el- 
bows, tees and reducing fittings. 

Suretite Stainless Steel clamps for plas- 
tic pipe made Wittek Manufacturing 
Co., 4305 West 24th Place, Chicago 23, 
are described Form PP-1057, 
available request. feature 
welding method assembling heads 
the band, providing 
rosion resistance. 


Seal-Lock, reusable fittings for high 
temperature Teflon hose are easily as- 
sembled the field wtihout special tools 
Two seals are dynamically 


actuated internal pressure 
hand assembly threads prevent acciden- 
tal loosening during installation. More 
details are available from Resistoflex 
Corp., Roseland, 


Furnaces 


Solar Furnaces available from American 
Searchlight Corp., West 53rd St., 
New York 19, Y., have fully auto- 
matic electronic solar tracking system 
which will search for and lock without 
external guidance. 


Instruments 


Solions, devices that may replace tran- 
sistors frequencies below 100 cps are 
being developed jointly National Car- 
bon Company and Texas Research As- 
sociates. The units, based 
chemical and fluid flow principles, are 
extremely sensitive, have low power re- 
quirements and are particularly efficient 
frequencies below 1/10 cps. The solion 
uses ions solution instead electrons. 
More information can obtained 
writing Fritz, Manager, Elec- 
tronics New Products Dept., National 
Carbon Co., Box 6056, Cleveland 
Ohio. 


Telescopes for inspection holes 
machinery and other equipment are 
manufactured Eder Instrument Com- 
pany, 2293 Clybourn Ave., Chicago, 
Devices include lens bulb shooting 
concentrated light beam into holes too 
small for light probes. Mirrors 
diameter are available for side view- 
ing holes from 0.125-inch and up. Five- 
power telescopes bring the image closer. 


Metals—Ferrous 


Wrought Iron Piping, booklet 
available from Byers Co., Dept. 
C-3, Clark Bldg., Pittsburgh 22, Pa., 
describes uses industry, agriculture 
and municipal services piping made 


from wrought iron. 


Stainless Steel metal awnings are being 
made Lite-Vent Industries, Inc., De- 
troit. 


Metals—Non-Ferrous 


Rubidium and Caesium chemicals are 
being made the San Antonio, Texas, 
plant American Potash Chemical 
Company. 
Non-Ferrous pipe wrench 
made Ampco Metal, Inc., Milwaukee 
46, Wis. are non-magnetic, corrosion and 
spark resistant. The jaw inserts are 
made with minimum Rockwell hard- 
ness and wear from two three 
times longer than beryllium copper jaws 
formerly used. 

Lead Chemical Laboratory Drainage 
Systems are described Bulletin No. 
available from Lead Industries Associa- 
tion, East 42nd St., New York 

(Continued Page 100) 
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Non-Metallics 


Silicon Carbide materials made Car- 
borundum Co., Niagara Falls, Y., are 
described publication called 
vanced Materials Technology” issued 
the company. 

Norcodal impervious graphite heat_ex- 
change equipment described Bul- 
let 156 available Heil Process 
Equipment Corp., 12901 Elmwood Ave., 
Cleveland 11, Ohio. 


Plastics 


Urethanes are recommended potting 
compounds for electronic components 
subject corrosives and solvents 
lied Chemical Dye Corp., National 
Analine Div., Broadway, New York 

Union Carbide Corp., will build new 
plant for production Bakelite liquid 
epoxy resins Marietta, Ohio, with 
annual rated capacity million 
pounds. The Bakelite Company has 
stopped manufacture and sale poly- 
ester resins effective January 


Reducing Flanges made Teflon are 
now available Corp., 
Riseland, 

Pipe Flanges made polyvinylchloride, 
threaded, socket blind and reducing 
styles are now being made and 


inch sizes Luzerne Rubber Company, 
Trenton, Bulletin 1200 de- 
scribes the company’s complete line 
PVC pipe and fittings. 


Precipitators 


Kaiser Engineers has constructed 
electrostatic precipitator clean 238,000 
gas with efficiency 99.5 
percent the Aliquippa, Pa. plant 
Jones and Laughlin Steel. The Cottrell 
electrostatic precipitator the first 
commercial application clean exhaust 
gases from oxygen converter. Iron 
oxide particles the gas are, mi- 
crons: from 1.0 0.5, percent; over 
one, percent and the remainder 
smaller than 0.5. About pounds 
dust discharged with percent less 
than one micron size. 


Process Vessels 


Spherical Glass Lined chemical reactors 
made Glascote Products, Inc., Cleve- 
land are designed operate pressures 
330 psi. 


Pumps 


Goulds Pumps, Inc., Seneca Falls, 
Y., making steam jacketing for Fig 
3715 chemical pumps, permitting savings 
resulting from raised temperatures and 
preventing damage resulting 
cipitation and clogging. 


Elastomer-Lined alloy centrifugal 
pumps made Ampco Metal, Inc., 1745 
South 38th St., Milwaukee 46, Wis., are 
designed replace special alloy pumps 
used handling muriatic acid, bleach- 
ing agents, mixed acids, cleaning and 
plating solutions, abrasive slurries and 


Sets new standard 
for paint protection 


COAT 


Here’s paint protection plus! You can 
brush spray Rubber-Coat Liquid Hypaton 
easily ordinary give equipment 
and structural steel the protection only this 
new Pont synthetic rubber can provide: 


extreme ozone and weather resistance 
extreme resistance heat and cold: —30°F 300°F 
extreme resistance chemicals 
extreme resistance oils and grease 
white and wide variety colors* 
*Supplied mixing base plus color additive. 


For extra rust resistance use Totrust Instant Dry 
Primer as a first coat. Totrust Instant Dry 
Primer stops rust at its source, dries in minutes. 


FREE Paint Selection Chart this handy, 
easy-to-use booklet gives you all the information 
on the right paint for every job in the plant — 
including cost. Send for your copy today. 


THE WILBUR WILLIAMS COMPANY 


Boston (Brighton) 35, Mass. 
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other corrosive media. They are lined 
with natural rubber, Neoprene Hy- 
palon. 

GearChem, Teflon, self-priming rotary 
gear pumps made Eco Engineering 
Co., New York Ave., Newark 
are designed lubricating 
and corrosive chemicals. The pumps 
have 316 stainless steel Hastelloy 
housings with Teflon gears and internal 
Teflon bearings and packing. 


Research Facilities 


Paint and Brush Division, Pittsburgh 
Plate Glass Co. will build new de- 
velopment center Springdale, 
work paint, plastic and brush ma- 
terials. 
Aluminum Company America has in- 
stalled new research facility for funda- 
mental study the die casting process 
Alcoa’s Chicago works. John 
Moorman, chief metallurgist for 
Garwood, J., works will 
facility. 

Firth Sterling Inc. has established the 
First Sterling Chair Metallurgical 
Engineering Carnegie Institute 
Technology Pittsburgh. Harold 
Paxton, assistant professor metal- 
lurgical engineering and research metal- 
lurgical engineer the metals research 
laboratory the institute will occupy 
the chair. 


Testing—Non-Destructive 


Zyglo penetrant inspection equipment 
portable kit now being made 
Magnaflux Corp., 7300 West Lawrence 
Ave., Chicago 31, Ill. The kits permit 
locating cracks and fissures non-mag- 
netic materials. 


Tubing 


Lustraloy, mandrel drawn stainless steel 
tubing produced Stainless Tube 
vision, Columbia Steel and Shafting Co., 
Carnegie, Pa., offers free flow and 
higher corrosion resistance 
drawn material, according the com- 
pany. Tubing drawn and annealed 
under special controls which produce 
mirror-like finish. 


Pure Tin added fused lining 
copper tubing for uses where the tin 
valuable for corrosion resistance sani- 
Monterrey Park, Cal., manufacturers, 
says each coil checked for 100 percent 
coverage with tin. 


Roll-Well Pipe and Tube, Inc., 
Box 1234, Jacksonville, Fla., has added 
two new pipe mills make stainless 
steel, steel and aluminum pipe 
ing. 


Zirconium 


High Grade Zirconium sponge now 
available quantity for nuclear reactor 
uses from The Carborundom Metals Co., 
Akron, Y., prices about one-third 
the sale price 1953. 

The 1957 alphabetical author index 
Corrosion’s Technical Section includes 244 

Corrosion published 137 articles 
ports its Technical Section during 


1957. 
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CALGON* 


stops the chain-reaction costs 


ice 


GENERAL NEWS 


ae 


CORROSION WATER SYSTEMS 


Corrosion any part cooling process 
water system can touch off chain reaction 
damage and costly delay. Repair replace- 
ment equipment plus production losses far 
exceeds the cost adequate protection against 
corrosion damage. 

avoid costly damage, call Calgon En- 
gineering Service. Protection for the entire 
system, from cooling towers through, set 
up. Iron and steel surfaces can given fast 
and more complete protection with Calgon* 
composition TG, remarkable for its accelerated 
film forming ability. Copper copper alloy 
corrosion can inhibited with Coraid, which 
effective both high and low 


Experience with all types industry all 
parts the country your disposal; letter 
phone call will put Calgon engineer work 
your problem. 


“Calgon is the Registered Trademark of Calgon Company for its 
sodium phosphate glass (sodium hexametaphosphate) products. 
The use Calgon for the prevention corrosion covered 
U.S. Patent 2,337,856. 


DIVISION HAGAN CHEMICALS CONTROLS, INC. 
HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 


= DIVISIONS: CALGON COMPANY, HALL LABORATORIES 
IN CANADA: HAGAN CORPORATION (CANADA) LIMITED, TORONTO 
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Vollmuth has been appointed vice- 
president charge sales and 
Jr. put charge all man- 
ufacturing Bart Manufacturing Co., 
Belleville, 


Michael Pryor new chief the 
Chemical and Physical Section, Metal- 
lurgical Laboratories, Aluminum Dept., 
Olin Mathieson Chemical Corp., New 
Haven, Conn, 


Carl Wagner, recipient the 1957 
Willis Rodney Whitney Award the 
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National Association Corrosion En- 
gineers will become director the Max 
Planck Institute for Physical Chemistry 
Goettingen beginning February. 
Prof. Wagner, full metal- 
lurgy Massachusetts Institute 
Technology, came the United States 
immediately after World War and 
joined the Ordnance Research and De- 
velopment Division the United States 
Army Fort Bliss, Texas. 


McNaughton, formerly vice- 
president and sales manager Plicoflex, 
Inc. will operate Corrosion Control 
Products Co., 3500 Cherry Ave., Long 
Beach Cal. effective January The 
firm factory representative for Plico- 
flex tapes, coatings, engineering insula- 
tion and spacers. Pinkston will 


Corrosion Can Take Holiday 


PIPE COATINGS AND WRAPPINGS PROTECTIVE PAINTS 


Tinker and Rasor Holiday Detectors can assure this fact. They are 
insurance policy that you are getting what you pay for applied protective 
coatings. Tinker and Rasor pipeline (jeeps) holiday detectors are your 
right hand. They can give him the best quality control possible. 
transmission lines can spot trouble, soon develops, such 
clogged sprays dope machine (which leaves pipe uncoated but covered 
with outerwrap), carbonized particles bitumens, etc. 


Patent #2629002 (electrode) 
SHOULDER-PACK 


Tinker and Rasor shoulder-pack holiday 
detector designed give the best possible 
inspection. offers adjustable voltage out- 
put range from 5,000 20,000 volts sharp 
pulse type voltage which puts less stress 
protective coatings. This equipment avail- 
able with conductive silicone brush type 
electrodes (non-fouling soft coatings), for 
inspecting flat irregular surfaces and with 
full circle spring electrodes. This 
model will inspect damp dry coating 
equally well and, all Tinker and Rasor 


detectors, has audible bell signal. 


LINE-TRAVELING 


The model self-contained line-traveling 
detector, has its own power supply (wet cell 
battery); needs ground wire and operates 
equally well damp dry pipe. Adaptable 
any size transmission pipelines. 


MODEL 


PAINT AND THIN FILM 

Tinker and Rasor Model detector used 
for inspection thin films where complete 
protection necessity. The detector has 
bell alarm signal and equipped with 
leather case and belt loop. The potential 
inspection volts. Not spark detector, 
operates with damp cellulose sponge 
mounted phenolic wand handle. Pin 
holes can pin pointed using corner 
the sponge once holiday has been detected. 


417 Agostino Rd,(P.0. Box 281), SAN GABRIEL, CALIF. 7-7942 


DISTRIBUTORS: Crutcher-Rolfs-Cummings, Inc., Houston, Texas, Remco Man- 


Service, Ltd., Edmonton, Alberta, Bob Herrick, Rentals and Service, Harris- 


, 4 ufacturing Company, Inc., Tulsa, Oklahoma, Canadian Equipment Sales and 


burg, Penna., Falcon Line Products Corp., Elizabeth, N.J. 
Export Agents: Frazar and Hansen, Ltd., San Francisco, Calif. 
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associated with Mr. McNaughton the 
new enterprise. 


Boyd Johnson, vice-president the 
Carborundum Company has been named 
general manager the newly organized 
Refractories Division the company, 
The division encompasses the activities 
the Stupakoff, Globar and Refracto- 
ries Divisions. 

Paul Zoffman has been appointed tech- 
nical director Sam Tour Co., 
and its affiliate, American Standards 
Testing Bureau, Inc. Among his other 
duties will assist research and de- 
velopment programs corrosion 


Harry Shuldener, Jr. has been made 
Laboratories, Inc. 

Edward Fisher new president 
Tube Reducing Corp., Wallington, 
Mr. Fisher formerly was with 
Corp., Chicago. 

Roy Gordon, executive vice-president 
The International Nickel 
Canada, and The International 
Nickel Co., will receive the James 
Douglas Gold Medal AIMPE. 


Otley has been named director 
sales, Industrial Tar Products and 
Paving Materials for 
Allied Chemical Dye Corp. May- 
field has been appointed 
Industrial Products Sales. 


Myles Musgrave new assistant 
Harold Dawe, research director for 
Acheson Port Huron, 
Mich. was chemist years with 
Army ordnance Joliet, 


Charles Campbell has joined the In- 
well Son, Inc., Park Square 
Boston 16, Mass. 


Thomas Smith and Walter Blaha 
have joined the Chemical Plant Engi- 
neering Dept. Pittsburgh Coke 
Chemical Co. 

Felix Kelinske has assumed the post 
industrial sales representative for Briner 
Paint Manufacturing Co., Corpus Christi, 
Texas the Louisiana sales territory. 
Paul Laudadio, formerly industrial 
sales representative has been made in- 
dustrial sales manager the firm, divid- 
ing his time between Corpus Christi and 
the Baton Rouge, La. sales offices. 


Anthony Girala has been appointed 
vice-president, research for 
Maloney Co., Houston manufacturers 
diversified products rubber, metals 
Mr. Girala was employed 
first 1937, served with the 
navy during World War and earned 
degree engineering physics from 
University Houston James 
McBrien, formerly general sales man- 
ager Maloney Co., Houston has 
been made vice-president, 

Thomas new president Bat- 
telle Memorial Institute, 
ceeding Clyde Williams, retired. 
joined the staff 1934 research engi- 


neer. 
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huge stope one the St. Joseph Lead Company’s mines 
showing ore trains. More than 125 miles underground main 
line track are operation. White area above photo which 
has been silhouetted the shape the state Missouri, 
indicates lead location. 


According the American Society 
Testing Materials “Chemical Lead has 
been used for many years the trade 
describe the undesilverized lead pro- 
duced from South East Missouri ores”. 

The huge ore bodies South East 
Missouri from which St. Joe Chemical 
Lead has been produced continuously 
this company since 1865 early became 
known chemical lead owing the 
unusual properties which possesses. 
can seen from the analysis, 
contains certain percentages copper, 


TYPICAL ANALYSIS ST. JOE CHEMICAL LEAD 


The ONLY 


CHEMICAL 
LEAD 


combines lower creep rate 
with greater corrosion resist- 
ance than lead produced from 
any other ores which cop- 
per has been added 


silver and nickel. These 


have not varied, quantitatively, for 
ninety years combine render the 
metal particularly immune corrosive 
attack, give extremely low creep 
rate under steady stress and high 
resistance failure. 

This combination advantageous 
properties unique St. Joe “natural” 
copper-bearing lead—is also responsible 
for the fact that more pipe and sheet have 
been manufactured from St. Joe Chemical 
than from any other brand lead. 


others 
Specify ST. JOE 
the 
CHEMICAL LEAD 
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Albert Gagnebin and Grubb 
have been appointed assistant vice- 
presidents The International Nickel 
Co., Inc. Mr. Gagnebin continues 
manager the nickel sales department 
and Mr. Grubb will charge labor 
relations all United States plants 
the firm. 

Raymond Severson assumed the post 
manager Ampco Metal, Inc., new 
branch Garland, Texas January 
formerly was assistant general sales 
manager. Three new sales managers have 
been named the company follows: 


CORROSION——-NATIONAL 


ASSOCIATION OF CORROSION 


Levinson, technical products and 
Brown, field sales. 

Schier has been appointed sec- 
retary The American Society 
Mechanical Engineers, succeeding 
Charles Davies, who 
for 


Harry Rowland, 
wrought iron sales retired 
time duties with Byers Co. 
December after years service. 
Chalfant, formerly director steel 
sales for the firm now general man- 
ager sales. 


vice-president 


Horne, vice-president and general 


manager Texaco-Cities Service Pipe 
Line Co., Tulsa has been named 
Fellow the American Society 


ENGINEERS 


Vol. 


Mechanical Engineers. Mr. Horne, who 
joined NACE March, 1944, that 
time had years experience with 
pipelines. was active construction 
the Basin Pipe Line from Jal, New 
Mexico Cushing, Okla. and the 
Trans-Arabian Pipe Line Co. 
past chairman South Central Region, 

Jack Grady now manufacturers’ 
representative for 
materials. vice-chairman Kan- 
sas City 

The 1957 alphabetical author index 

Corroston’s Technical Seetion includes 244 
names. 

Corrosion published 137 articles and re- 

ports its Technical Section during 1957, 


NACE now has sections. 


CORROSION 


ENGINEERING DIRECTORY 


Twenty cathodic protection 
engineers with a combined 
total of over 150 years experi- 


ence available to serve you 
with ABILITY and INTEGRITY. 


Houston, 4601 Stanford 
BRANCH OFFICES 
Tulsa * New Orleans * Corpus Christi * Denver 


Cathodic Protection 
SURVEYS * DESIGNS * ENGINEERING 


Pipes Lines © Offshore Platforms 
Refinery and Gasoline Plant Lines 
Municipal Systems Barges 


CORROSION RECTIFYING CO. 


5310 ASHBROOK PHONE: 7-6659 
BOX 19177 HOUSTON, TEXAS 


CORROSION SERVICE LIMITED 
Offers CANADA 


A Complete Service in Corrosion Engineering 
Design and Installation of Cathodic Protection 
Systems. 

Resistivity and Electrolysis Surveys 
Selection and Application of Protective Coatings. 


Dundonald St., Toronto, Canada 


Electro Rust-Proofing Corp. 
Engineering Division 


Corrosion Surveys 
Electrolysis Control 
Testing 


Cathodic Protection Design 
BELLEVILLE NEW JERSEY 


Plans Specifications 
Atlanta Chicago Dallas Monrovia 


Complete 
CATHODIC PROTECTION 


Systems .. . service for special ap- 


plications; water tanks and pipe 
lines. 


CORROSION ENGINEERING 


SURVEYS DESIGNS SPECIFICATIONS 
Impartial Evaluation 


THE HINCHMAN 
CORPORATION 


Engineers 
Francis Palms Detroit Mich. 


FRANCIS RINGER ASSOCIATES 


Consulting 
Corrosion 
Engineers 

Hampden Ave. MOhawk 4-2863 
NARBERTH Phila.) 


Advertising this directory effective and inexpensive way 
interest CORROSION readers states, territories, 
and more than foreign countries your services. Write for 
rates and detailed information circulation CORROSION, 


your shield against corrosion 


. PROVEN EXPERIENCE 

Installation, Field Survey, Design 
RECTIFIER SYSTEMS GALVANIC ANODES 
YOU CAN RELY ON RIO 


SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 
CORROSION PROBLEMS 


Essex Bldg. Mohawk 
Narberth, Pa. 4-3900 


COMPLETE LONG ESTABLISHED 
CORROSION CONTROL 
SERVICE 


VENEZUELA 


Investigations Reports Installations 


SERVICIOS ANTI-CORROSIVOS, 


Apartado 2031 Caracas, Venezuela 


SOUTH FLORIDA TEST SERVICE 


Testing—Inspection—Research— 
Engineers 


Consultants and specialists corrosion, 
weathering and sunlight testing. 


4201 7th St. 


Miami 44, Florida 


WATER SERVICE LABORATORIES, INC. 
Specialists 
Water Treatment 
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Replacing Low Pressure Gas Distribution 


Services With Plastic Tubing* 


Peoples Gas Light and Coke 

Company has, for over 100 years, 
supplied gas city with population 
now exceeding 3,600,000. This gas 
supplied through some 1,012,000 meters, 
using more than half million services, 
which are, turn, supplied approxi- 
mately 3,900 miles mains. All gas, 
during ordinary periods, 
natural 1000 Btu gas which reaches the 
Chicago area through huge pipelines 
from the Southwest pressures high 
750 psi. the city stepped down 
pressures ranging from 8-20 psi and 
turned into feeder mains, the medium 
pressure system. 

This 8-20 psi pressure turn 
water column pressure, approximately 
psi. This gas then transmitted 
through distribution mains, low pres- 
sure system, usually 6-inch cast iron, 
the street front the customer’s 
house where steel pipe, 
known tapped into the 
main and extended into the customer’s 
home. 

All new services installed supply 
domestic customers are steel. 
These are installed jacking the pipe 
through the ground with ditch jack, 
after digging down the main, labo- 
rious process which takes three four- 
man crew practically full day com- 
plete. These services installed 
bare, without cathodic protection and 
generally without insulating couplings. 
The average useful service life some- 
thing over years. year service” 
program effect whereby services 
fifty years old, regardless their con- 
dition, are renewed. Even this ad- 
vanced age many prove service- 
able the day they were installed, while 
the other hand, some services fail 
less than two years “hot” areas. 

formerly was necessary when serv- 
ice rusted out, due either stray currents 
galvanic action, pull the old pipe 
out, using jack and much arduous 
labor, and replace the defective pipe 
jacking new steel pipe. 1938, 
however, new method replacing 
faulty services was developed using 
hard drawn 1%-inch copper tubing. This 
tubing was inserted into the faulty steel 
service, which then served only 
protective sleeve. The tubing then was 
connected the main and the cus- 
tomer’s piping with the, then, newly 
developed compression fittings. 

Copper replacement tubing, however, 


* A condensation of a paper presented under 
the title “Use of Plastic Tubing for Service 
Replacements in Low Pressure Gas Distribu- 
tion in Chicago,’’ by Thomas R. Bogumill 
and Hugh R. Murphy, Peoples Gas Light 
and Coke Company, Chicago at a meeting of 
North Central Region, National Association 
of Corrosion Engineers, Chicago, Ill., Oc- 
tober 2-4, 1957. 


Abstract 
Considerations leading to the use of 
cellulose acetate butyrate pipe as re- 
placements for faulty steel gas service 
lines are described. Method of in- 
stalling lines is explained. Assets and 
liabilities of plastics for gas distribu- 
tion service at various pressures and 
under varying soil conditions are dis- 
cussed, Company has renewed 85 per- 
cent of 23,000 services with plastic 
pipe in the past 18 months. 


became unavailable during World War 
and again during the Korean War. 
Search for alternate material revealed 
that new plastic tubing was being used 
successfully Southern California Gas 
Company, which had developed some 
eight years earlier. So, The Peoples Gas 
Light and Coke Company decided, early 
1952, initiate search for plastic 
tubing suitable for its purposes. 


Mixed Gases Being Used 

One factor considered was the 
dissimilarity gases distributed. South- 
ern California distributed dry natural 
gas while The Peoples Gas Light and 
Coke Company was, the time, sending 
out 900 Btu mixed gas that contained 
light oils, tars, naphthalene, fogging oils, 
etc. Also significant was the dissimilarity 
odorizing agents, difference operat- 
ing pressures and the decided difference 
expected ground temperatures. Some 
the plastics tested were vinylidene 
chloride, rigid vinyl, modified polysty- 
rene, elastomeric vinyl, Nylon, micarta, 
polyvinyl chloride, polyethylene and 
cellulose acetate butyrate two formu- 
lations. 

Vinylidene chloride, rigid vinyl and 
modified polystyrene were too brittle and 
were ruled out, Elastomeric vinyl tubing 
was too soft and flexible. Nylon and 
micarta were excellent 
every category except price, which dic- 
tated against their use. 

Polyvinyl chloride and polyethylene 
required heavy for 
strength and because the largest prac- 
ticable inside diameter was needed, they 
also were ruled out. 


Cellulose Acetate Butyrate Selected 

This left only the two formulations 
cellulose acetate butyrate the original 
group. These are cheap, light, easily 
extruded uniform wall thickness and 
can cemented readily into gas tight 
joints. They retained elasticity test 
temperatures 70, and Fahrenheit 
and were sufficiently strong withstand 
installation stresses. Further comparative 
testing these plastics proved that one 
the two formulations had greater 
strength and was more resistant sun- 
light, acids and alkalies. The other had 
greater resistance the solvent action 
benzol, fogging oil and butyl mer- 
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captan when tested concentrations 
much greater than those likely 
encountered service. Other accelerated 
tests various contaminants and oils 
likely encountered were made with 
detrimental effects. Thus cellulose 
acetate butyrate was judged most suit- 
able for the intended use, decision 
coincident with that made eight years 
earlier Southern California Gas 
Company. 

December, 1952 the first plastic 
service tubing was procured straight 
20-foot lengths and connected solvent 
welded internal sleeves 
The 1.375-inch size was determined 
the necessity for maximum flow 
through tube which could inserted 
into old services and that would permit 
the use the same stock brass com- 
pression fittings used for copper pipe. 
Use these compression fittings neces- 
sitated the addition internal 6-inch 
steel sleeve for reinforcement every 
compression fitting prevent collapse 
the tubing. 


Some Deficiencies Found 

Even though this new plastic was 
promising, was not wholly free 
faults. was not, course, strong 
and tough copper steel and could 
cut easily pick shovel. The 
plastic service could not located 
underground pipe locators the old steel 
sleeve completely disintegrated. The 
plastic mars easily was necessary 
blow the old service out thoroughly 
and ream all sharp edges. was 
affected adversely denatured alcohol 
ordinarily employed “unstop” frozen 
services. 

the other hand had properties 
that excelled copper and steel tubing. 
restricted quarters, where formerly 
had been necessary cut copper tub- 
ing into short lengths, forcing, time- 
consuming soldered joints, was found 
that the plastic bent easily and frequently 
could installed full 20-foot sections. 

The high dielectric properties the 
plastic served effectively insulate the 
main from stray currents originating 
customers’ dwellings. The plastic service 
itself completely unaffected galvanic 
action and materials cost approximately 
half much copper. Substantial 
savings labor costs also are realized. 


Used For Renewal Only 

present, plastic used only for 
insertion renewals faulty 
steel low pressure services. Plastic not 
used for new services, areas where 
there possibility substantial settle- 
ment heavy traffic, for renewals 
faulty medium pressure services. 
less than five years, however, some 
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YOUR SPECIFICATIONS 


CROSSING INSULATORS 


Complete Line Crossing Insulators, Rugged and 
Easily Installed, Maloney Models 55, 56, and 
encompass All Applications. Neoprene and Metal 
Molded Fiber Glass reinforced polyester resin. Com- 
petitively Priced, there Maloney Insulator for Your 
Specifications. 


CASING SEALS 


Whether New Replacement service Specified, 
Maloney Casing Seal will Fill those Specifications with 
Ample Margin. Slip-on and Zipper types Tough 

Maloney-Compounded Neoprene will fit Wide Variety 
Adverse Installation Conditions. 


MANUFACTURED 


HOUSTON TULSA LOS ANGELES PITTSBURGH 


NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


lol. 14 


Replacing Low— 
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1,250,000 feet cellulose acetate buty- 
rate (Tenite has been used renew 
approximately 23,000 services and during 
the last eighteen months, plastic was 
used for percent the services re- 
newed. 

Prohibition the use plastic 
medium pressure systems not due 
apprehension over higher 
volved, because 
tests show the bursting strength the 
plastic tubing used 300 
psi. The hesitancy due the fact that 
these medium pressure 
porate shut-off cocks that sometimes are 
balky, and believed the torque some- 
times exerted close them might rup- 
ture the plastic tubing. New fittings and 
adaptors now the market transfer this 
torque the old steel service, rather than 
the tubing, possible plastic’s use 
soon may expanded cover the medium 
pressure areas. 

The reason for restricting use 
plastic areas where there 
bility heavy settlement, where 
service would have insufficient cover 
withstand heavy traffic are obvious, 
Plastic will sufficiently 
stand ordinary expansion, contraction 
and settlement stresses, but will kink 
and leak when subjected heavy dis- 
placement due settlement. few 
cases where failures 
perienced, however, the settlement was 
such that any type service would have 
failed. 


Low Temperatures Problem 

Cold weather also poses problems 
the use butyrate. While 
difficulty due cold weather 
experienced, placing tubing warm 
place when cold weather operations are 
necessary advocated. Because the pipe 
normally installed from the basement, 
this generally not difficult achieve. 
may used readily sub-zero tem- 
peratures, however, provided given 
considerate handling because does be- 
come more brittle and less flexible 
these temperatures, 

recent survey trade magazine 
indicated that least fifteen gas com- 
panies the United States are now using 
plastic. Some have installed plastic mains 
large three inches diameter. The 
(Arizona) Gas, Electric Light 
and Power Company has made several 
2-inch plastic one 
which consisted 7500 feet 
suburban area, carrying pressure 
psi. This main replaced wrapped 
steel main that lasted only twelve years 
“hot” area. 

Several companies use plastic for new 
services, installed 
using care while backfilling, majority 
these companies are using cellulose 
acetate butyrate while two companies 
are using polyvinyl chloride. Pressures 
used vary from inches 
high psi. 

Peoples Gas has developed its own 
quality control insure that newly 
purchased tubing conforms specifica- 
tions. Hardness tests with Rockwell 
Hardness-Scale apparatus are made 
insure that the proper 
hardness being received. Bursting 
strength and impact strength are tested 
and checks with “Go” and “No Go” 
gauges are also made, are microm- 
eter checks for wall thickness. 
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RESULTS YEARS LABORATORY RESEARCH 
AND FIELD TESTING ARE NOW AVAILABLE 
THE PETROLEUM INDUSTRY 
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Variables Influencing Corrosivity 


Oil and Gas Wells* 


HIS ARTICLE was prompted 

marks made various National Asso- 
ciation Corrosion Engineers com- 
mittee and subcommittee meetings regarding 
the effect oil-water ratio the rate 
corrosion and the effect preferential 
wettability the oil. Since the authors 
had pursued this line investigation 
the early days the study, was 
felt that some their experiences were 
pertinent. presenting brief comments 
the subject, lively discussions were 
forthcoming. This presentation some- 
what review the early investiga- 
tions, the many factors influencing the 
rate corrosion, lack uniformity 
the mechanisms, the human element, 
methods which inhibitors function 
and finally, discussion questions 
which must answered order 
better combat corrosion. 

Not long ago there were commer- 
cial inhibitors for combating oil and 
gas corrosion. The story goes that 
their discovery was accidental. West 
Texas pumper injected emulsion 
breaker down well 
good mixing and this not only solved 
the emulsion problem, but time re- 
duction corrosion was noticed. Labo- 
ratory work the emulsion breaker led 
the development adsorptive inhibi- 
tors. 

laboratory has done extensive 
work treating crude oil make 
preferentially wet steel. oil film thus 
formed protects equipment from corro- 
sive brine. Because surfactants technol- 
ogy was its infancy also very little 
help was available that area and ore 
floatation agents tried, especially 
under sulfide conditions iron sulfide 
surfaces. Although first, nothing was 
found that would 
oil wetting iron sulfide surface, 
material eventually was found. This was 
polyoxyethylene sorbitol fatty acid 
ester, which was effective also sweet 
oil preferential wetting. The esters were 
dissolved the oil phase pretested, 
known effective low concentrations for 
treating wells. 


Well Fluids Are Examined 

concurrent study was being made 
the corrosivity various well fluids, 
especially those from sweet oil wells. 
These tests were run three oil-water 
ratios, 15% oil-85% water; 35% 
water; and 75% oil-25% water. 
part this study, the wettability 
the oil phase the beginning and 
end the test was determined the 
drop-size ratio most cases 
was found that the oil had less wet- 
tability after the test than before it. 
Past experience indicates that most 
cases the wetting agent the oil 
partially adsorbed the steel corro- 
sion coupon. some cases the wetting 
agent appeared leave the oil phase 
and enter the aqueous phase. 

plotting test results, the drop-size 


% A paper presented under the title ‘‘Com- 
plexity of Oil and Gas Corrosion,”’ by H. E. 
Waldrip and J. A. Rowe, Gulf Qil Corp., 
Houston, Texas, at a meeting of South 
Central Region, National Association of 
Cerrosion Engineers, Oklahoma City, Okla., 
October 1-4, 1957. 

@) Technical Committee T-1 Corrosion of Oil 

and Gas Well Equipment. 


ratio the oil the completion the 
test was used instead the initial ratios. 
the case the test with 15% oil-85% 
water the oil phase was not present 
sufficient quantity make the test, 
the wettability obtained from the 35% 
oil-65% water test was used also for 
the lower oil-water ratio test. 

attempt was made correlate the 
percent protection obtained with the 
wettability the oil expressed 
the drop-size ratio method. These tests 
were run with coupons that had been 
pre oil-wet (in the oil being tested) and 
pre water-wet (in the water brine 
being used the test). These data are 
shown Figure Note pre oil- 
wet coupons offer much better protec- 
tion (as expressed weight loss) than 
the pre water-wet coupons. also 
shows that good protection obtained 
drop-size ratios 1.8 1.9 the 
pre oil-wet coupons and that the 
higher oil-water ratios there very 
little difference the protection ob- 
tained from oils with drop-size ratios 
below 1.6. reasoned that the 
lower drop-size ratios steel surface 
rendered preferentially oil-wet. Once 
steel surface oil wet, very little cor- 
rosion takes place, especially high 
oil-water ratios, even with low oil wet- 
tability. This may account for the differ- 
ence corrosivity different fields with 
only small differences oil wettability. 
Using the oil wettability factors meas- 
ured the drop-size ratio criteria, 
treatment was recommended for corro- 
sive wells. These wells had satisfactory 
corrosion records during treatment. 
Samples produced fluids were tested 
and found have drop-size ratios below 
1.7, and many cases below 1.0. 

There were times when was not 
economical use concentration 
oil-soluble agents sufficient produce 
the desired wettability. Certain water- 
soluble compounds present 
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Abstract 


Influence of the wettability charac- 
teristics of a crude oil on the cor- 
rosivity well fluids described 
together with some of the correla- 
tions between this characteristic and 
certain inhibitors. Evaluation of in- 
hibitor effectiveness by the drop-size 
ratio measurement technique is de- 
scribed, together with some anomalies 
and a note on the influence of sul- 
fides. Tables show how wettability 
characteristics differ from field to 
field. How pH affects the rate of cor- 
rosion is discussed and a warning is 
given on ccrrect sampling. Influence 
of oil-water ratio on inhibitor effec- 
tiveness is considered. 

Variables in the classification ot 
inhibitors are listed, together with 
variables in their characteristics, in- 
cluding adsorption, desorption, sta- 
bility and others. 

Well variables are considered, in- 
cluding temperature, pressure, carbon 
dioxide content, organic acid content, 
velocity and an example of poor 
correlation among these factors and 
accepted theories of well corrosion is 
given. Influence of steel in homo- 
geneities is discussed and some prob- 
lems involving human error con- 
sidered. 

Among the unanswered questions 
are reasons for pitting, mechanics of 
corrosion, function of inhibitors, cor- 
relation of data on well treatment. 4.3 


ties from ppm produced good 
oil wetting steel surfaces. These treat- 
ments also were taken the field, but 
frequently results did not equal those 
with the oil-soluble types. This some- 
what surprising, because the water- 
soluble types are adsorptive inhibitors 
giving protection themselves, and the 
lipophilic leg attracts additional oil 
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SIZE RATIO 


Figure 1—Corrosion protection related oil wettability. 
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HEAT first the coating 
industry use heated vats for the cleaning 

pipe. Heat speeds the rate reaction 

the inhibited sulphuric acid and water 
cleaning baths. 


Tube-Kote first the 
use flint abrasive controlled automatic 

blast cleaning operation produce white 
blast positive proof that foreign matter 

remains. Optical inspection this point 

verifies complete cleaning. 


Service Mark Reg. Pat. Off. 


Box Houston 25, Texas 
Branch Plant Harvey, La. 


TUBE-KOTE RESEARCH AND SUPERIOR METHODS BRING YOU MORE DURABLE COATINGS AND FASTER SERVICE LOWER COST PER FOOT! 
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Variables Influencing— 
(Continued From Page 108) 

film. This clearly shows that oil wet- 
tability obtained from oil-soluble agents 
and that obtained 
film forming agents not give equal 
corrosion protection. probably de- 
pends upon how the oil wettability 
obtained and the affinity bond 
strength between the oil film and the 
steel surface. Thus this example 
erty that does not tell the entire story. 

Wettability values some the oils 
Table results are expressed the wet- 
tability sour crude oil untreated 
condition iron sulfide surface. This 
sulfide surface was allowed form 
steel left contact with the sour brine 
which the test was conducted. This 
amorphous iron sulfide surface probably 
similar chemically the sulfide sur- 
faces found equipment. 
Values are expressed drop-size ratio 
measurements. The technique and 
method calculation are given 
earlier The calculation 
shown Figure 


Sour Crude Non-Wetting 


Note that none the sour crudes 
exhibited any oil wetting tendencies. 
However, when the sulfide 
was removed from both sour crude 
and its associated brine and tested 
clean steel surface, excellent wetting re- 
sulted. When well the Sour Lake 
Field (see Table was treated with 
oil-soluble wetting agent, almost per- 
fect corrosion protection for several 
years resulted. sample the pro- 
duced oil during this period had wet- 


ASSOCIATION 


Sphere 2h/d 


Hemisphere 


Figure 2—Schematic expression of drop ratio factors. 


tability 1.107, shown Table 
these sour crudes the treated oil 
penetrates the iron sulfide film and ad- 
heres the clean steel. 

Table results obtained from test- 
ing sweet crudes clean steel surface 
are listed. Wettability values range from 
none very good. For some fields 
where two figures are given (represent- 
ing values from two more wells) the 
range small. 

other fields such Smackover, 
Arkansas; Goose Creek, Pierce Junction, 
Hankamer, Hull and Thompsons, 
Texas; Timbalier Bay, Louisiana and 
Santiago, California there considerable 
difference between minimum and maxi- 
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with the plastic 
pipe you can trust. 


SPECIAL DELIVERY for liquids and gases all branches industry assured 
with Kraloy Rigid Polyvinyl Chloride (normal and high impact) Plastic Pipe... 
with virtually maintenance policing. You install Kraloy forget it. 
why millions feet Kraloy Plastic Pipe are use today, because 
Kraloy PVC inert and can never rust, rot, corrode, not subject electro- 
lytic action, handles abrasives, slurry and most factors, scale resistant. 
Superior flow characteristics factor permit use smaller diameters. 


Installation costs 50% 


Write for complete information and literature. 


LOY RIGID PVC PLASTIC PIPE 
KRA AND HIGH IMPACT 


Kraloy Plastic Pipe Co., 4720 Washington Blvd., Los Angeles, Dept. 


less, due light weight and ease handling. 


Subsidiary the Seamless Rubber Co., Rexall Drug Co. Subsidiary 
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Figure 3—Four principal categories drop sizes and 
shapes. 


mum values. This indicates that produc- 
tion is from more than one zone or that 
reservoir. All Mississippi, Alabama and 
the majority Louisiana crudes have 
practically wettability. This means 
that practically protection can 
expected from oil film the steel 
equipment and that fairly low water- 
oil ratios the steel becomes 
and susceptible corrosion. 

This accounts for 
corrosive so-called pipe line oil, 
Bayou Salle, Louisiana; Soso, Missis- 
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TABLE 1—Wettability Sour Crudes 


Field State Drop-Size Ratio 
Sand Hills = xas 2.000 
Batson ; 1.990 
Sour Lake Texas 1.986 
McElroy Texas 1,980 
Arbuckle Sand Kansas 1.976 
Goldsmith Texas 1.961 
Darst Creek Texas 1,955 
Moores Texas 1.952 
Fayette County Illinois 1.983 


TABLE Sweet Crudes 
Field _ State Drop Size Ratio 


Quz vrantine Bay ~ Louisiana 2.000 
No. Port Neches Texas 2.000 
Cleveland 1.995 
Raisin City California 1.995 
Wayne County = Mississippi 1.988 


Jayou Salle Louisiana 1.957-1.985 


Am Venezuela 1.925-1.995 
Wichita Falls Texas 1.983 
Seminole Oklahoma 1.968-1.983 
Smackover Arkansas 1.803-1.984 
Baxterville Mississippi 1.956-1.980 
Roundup Montana 1.980 
Segno Texas 1.869-1.990 
Horsehead Arkansas 1,980 
Keystone Texas 1.950-1.978 
Glenn Pool Oklahoma 1.961-1.971 
Goose Creek Texas 1.676-1.979 
Lockridge Texas 1.914-1.971 
Big Creek Texas 1.968 
Citronelle Alabama 1.965 
West Eucutta Mississippi 1.950 
Soso Mississippi 1.950 
Stowell Texas 1.956 
Delhi Louisiana 1.954 
Mallaliex Mississippi 1.948 
Gwinville Mississippi 1.948 
Pittsburg Texas 1.946 
Fannett Texas 1.865-1.939 
Homer Louisiana 1.935 
Moores Texas 1.933 
Pierce Junction Texas 1.363-1.928 
Quarantine Bay Louisiana 1.920 
Sully Camp Louisiana 1.920 
Keeran Texas 1.906 
West Bay Louisiana 
Timbalier Bay Louisiana 1.500-1.895 
Gallatin Co. Illinois 1.870 
Hankamer Texas 1.311-1.870 
Opelika Texas 1.865 
Hull Texas 1.006-1.903 
Thompsons Texas 1.220-1.885 
Mooringsport Louisiana 1.838 
Venezuela 1.609-1.800 
Dayton Texas 1.742 
Hull Silk Texas 1.704 
Santiago California 1.248-1.665 
So. Liberty Texas 1.475 
Fig Ridge Texas 1.412 


TABLE Oils Before and 


During Treatment 
Drop-Size Ratio 


Before During 
Field Treatment Treatment 
Hankamer, Texas. 1.870 1.620 
Goose Creek, Texas....... 1.793 
Pierce Junction, Texas....1.568 .760 
No. Port Neches, Texas. ..2.000 .186* 
Smackover, 1.803 .927 


| 


*Treat ited fluid in annulus; treating valve stuck 


in Open position, allowing at least 10 times the 
needed amount chemical enter producing 
stream. 
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CHANGE THIS 


Corrosion-clogged pipe costs you money down 
time, frequent scrapings, lost throughput, and dis- 


colored product. 


THIS 


This smooth interior surface means improved “C” 


factor, restored throughput. 


with KONTOL 
CORROSION INHIBITOR 


Kontol-protected pipe eliminates the need for higher 
pump pressures maintain throughput, requires 
fewer scrapings and avoids corrosion contamination 
your products. Kontol meets military specifica- 


tions for use jet fuels and automotive gasolines. 


knife scrapers, brush scraper 
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KONTOL July knife scrapers 
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knife scrapers 
knife scrapers 
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February 
(following year) 


KONTOL 
WAS USED HERE! 


SCRAPERS 
FOR ENTIRE YEAR! 


See your Kontol Service Engineer soon! 

Chemicals and Services for the Petroleum 
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Variables Influencing— 
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sippi and others. This non oil-wetting 
factor, coupled with higher organic acid 
concentrations and lower Loui- 
siana and Mississippi brines, account for 
the high degree corrosion. 


Heavy Asphaltic Oils Exception 


possible exception this the 
degree protection furnished heavy 
asphaltic oils such that produced 
the Baxterville, Mississippi field. Even 
though exhibits appreciable wet- 
ting, the oil viscous and appears 
have such strong affinity bond 
the steel, that protects higher 
water-oil ratios than would less viscous 
oils with the same wettability. This 
another the many factors that must 
considered. 

Several Smackover oil wells produce 
only one three percent oil, yet they 
are not corrosive other fields pro- 
ducing much greater percentages oil. 
This due oil wettability, relatively 
high viscosity and strong adhesion 
metal surfaces. Mallalieu, Mississippi 
well, under treatment with 
agent, had perfect corrosion record for 
several years. During this time the well 
made 90% water and 10% oil; when the 
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Corrosion Oil and 
Gas Well Equipment 


T-1A Survey of Corrosion Control in Cali- 

fornia Pumping Wells. A Report of 
T-1A Corrosion and Gas Well Equip- 
$0 Los Angeles Area. Pub. 54-7. Per Copy, 


T-1C Current Status of Corrosion Mitiga- 

tion Knowledge on Sweet Oil Wells. 
A Report of Technical Unit Committee T-1C 
on Sweet Oil Well Corrosion. Per Copy, $.50. 


T-1C Field Practices for Controling Wa- 

ter Dependent Sweet Oil Well Corro- 
sion. Report Technical Unit Committee 
T-1C Sweet Oil Well Corrosion, Compiled 
by Task Group T-1C-1 on Field Practices. 
Pub. No. 56-3, Per Copy $1.00. 


TP-1D Sour Oil Well Corrosion. Corrosion 
August, 1952, issue. NACE members, 
$.50; Non-members $1 Per Copy. 


Field Experience With Cracking 

High Strength Steel Sour Gas and 
Oil Wells. Symposium Sulfide 
Stress Corrosion.) (Pub. 52-3) Per Copy, 
or more copies to one address, $.50 Per Copy. 


T-1G Sulfide Corrosion Cracking of Oil 

Production Equipment. A Report of 
Technical Unit Committee T-1G on Sulfide 
Stress Corrosion Cracking. Pub. 54-5. $.50 
Per Copy. 


T-1G Hydrogen Absorption, 

and Fracture Steel. Report 
Sponsored Research on Hydrogen Sulfide 
Stress Corrosion Cracking Carried on at Yale 
University, Supervised by NACE Technical 
Unit Committee T-1G on Sulfide Stress Cor- 
rosion Cracking by W. D. Robertson and 
Arnold Schuetz. Pub. 57-17. Per copy $2. 


Status Report NACE Technical 
Unit Committee Oil Field 
Structural Plastics. Per Copy $1.00. 
T-13 Reports to Technical Unit Commit- 
tee T-1J on Oilfield Structural Plas- 
tics. Part 1, Long-Term Creep of Pipe Ex- 
from Tenite Butyrate Plastics. Part 
Structural Behavior Unplasticized Geon 
Chloride. Publication 55-7. Per 
Copy $.50. 


production dropped 99% water-1% 
oil, corrosion was serious, There just 
wasn’t enough oil present form 
protective film. The minimum amount 
wetting that will give protection var- 
ies, previously mentioned, according 
the viscosity the oil, its affinity 
bonding strength steel and its re- 
sistance removal. 


Oil wettability thus accounts partially 
for corrosion occurring pipe line oil 
wells when the oil furnishes protec- 
tion. also accounts for the lack 
serious corrosion other fields until 
high water-oil ratios are reached. 


Table lists wettability values 
few typical oils before and during satis- 
factory field treatment. Where this 
method corrosion protection prac- 
ticed initial treatment consists suffi- 
cient chemical yield drop-size ratios 
less than 1.00. The inhibitor circu- 
lated long enough insure contact with 
all equipment. felt that this initial 
“over treatment” converts all water-wet 
steel surfaces the oil-wet condition. 
Once this accomplished the surfaces 
can maintained oil-wet drop-size 
ratios about 1.70 until high water-oil 
ratios are reached. comparatively 
simple measure the degree wet- 
tability produced fluids from treated 
wells, thus giving rapid check method. 


Summary Data Use Struc- 

tural Plastic Products Oil Pro- 
duction. A Status Report of NACE Technical 
Unit Committee T-1J on Oilfield Structural 
Plastics. Per Copy $.50. 


T-1J Service Reports Given on Oil Field 

Plastic Pipe. Activities Report of 
T-1J Structural Plastics. Per 
Copy $.50. 


T-1J Oilfield Structural Plastics Test Data 
are given. Activities Report of T-1J 
on Oilfield Structural Plastics. Per Copy $.50. 


T-1J Reports to Technical Unit Commit- 

tee T-1J on Oil Field Structural 
Plastics. Part 1—The Long Term Strengths 
of Reinforced Plastics Determined by Creep 
Strengths. Part 2—Microscopic Examination 
Test Method for Reinforced Plastic Pipe. 
Per Copy $.50. 


T-1J Status Report of NACE Technical 

Unit Committee T-1J on Oil Field 
Structural Plastics. Part 1—Laboratory Test- 
ing of Glass-Plastic Laminates. Part 2— 
Service Experience Glass Reinforced Plastic 
Tanks. Part 3—High Pressure Field Tests 
Glass-Reinforced Plastic Pipe. Per Copy $.50. 


T-1J Service Experience of Glass Rein- 

forced Plastic Tanks—Status Re- 
port of NACE Technical Unit Committee 
T-1J on Oil Field Structural Plastics. Pub. 
57-18. Per Copy $.50. 


with Oil Field Extruded 

Plastic Pipe 1955—A Report 
NACE Technical Unit Committee 
Oil Field Structural Plastics, Pub. 57-19. 
Per Copy $.50. 


T-1K Proposed Standardized Laboratory 

Procedure for Screening Corrosion 
Inhibitors for Oil and Gas Wells. Report 
T-1K Inhibitors for Oil and Gas Wells. 
Publication 55-2. Per Copy $.50. 


Remittances must accompany all orders for Ht- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1961 M & M 
Bldg., Houston, Texas. Add 65¢ per package to 
the prices given above for Book Post Registry 
all addresses outside the United States, Canada 
and Mexico. 
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STEEL SURFACE 


Figure 4—Expression of steel surface affected by 
drops exhibiting wettability and results of tests from 
well experiencing severe corrosion. 


Unusual Phenomena Noted 

most tests, occasionally there 
are unusual phenomena which prompt 
search for logical explanation. For in- 
stance, testing several sour crudes 
and few very black, high gravity sweet 
oils, when drops were placed close to- 
gether the testing surface they tended 
repel each other though some force 
pushed the drops apart. This force could 
electrical charge. Some very black, 
high gravity crudes require fairly high 
concentrations chemical produce 
desired wettability perhaps due colloi- 
dal carbon asphaltines absorbing the 
chemical. 

Figure shows the type oil drops 
obtained with various degrees wet- 
ting. “A” drop having wetting; 
“B” and “C” are drops having reading 
.500; drop having almost per- 
fect wetting. Note that drops and 
“C” have numerically the same drop-size 
ratios yet are entirely different ap- 
pearance. Drop the normal type 
that will give protection. Drop “C” 
flat, probably due low internal forces 
the oil and the difference gravity 
between the oil and brine causes 
flatten out. This type oil usually has 
affinity bond the steel surface 
and can removed easily tilting the 
test surface angle. 

Another phenomenon sometimes en- 
countered shown Figure This 
sketch the appearance steel 
surface after test completed. Drops 
“A” show bright steel area where 
was contact with metal; drops “B” 
show this same bright steel area the 
center, but also display narrow band 
corroded steel around the circumfer- 
ence the bright area. This latter phe- 
nomenon invariably indicates the well 
from which the samples were taken was 
undergoing serious corrosion. One ex- 
planation that the corrodent con- 
centrated the oil-water interface and 
attacks the narrow band metal 


contact with this interface. 

addition actual measurement 
the wettability the oil, qualitative 
estimation the bonding strength 
the oil the steel also can obtained 


careful observation the ease with 
which the oil drop separated from the 
steel the end the test. 


Sampling Technique Important 

true all test cases, results de- 
pend the sampling technique. sam- 
ple caught container that previously 
had held emulsion breaker other 
chemical contaminated sufficiently 
affect the test data. very low drop- 
size ratio untreated oil always 
viewed with suspicion, Fortunately, 
interfacial tension test also run 
the oil and contamination present 
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unbeatable EDGE PROTECT 


The unique ability Pruf- 
coat Hot-Spray Vinyl pro- 
vide the essential extra 
protection needed sharp 
edges and other corro- 
sion-vulnerable trouble spots 
this photo showing sharp 
saw teeth left heavily 
vinyl coated. 


Check these Prufcoat 
Hot-Spray Vinyl features! 


Just One Application Needed 
Paint Fogging 


Greatly Minimized Overspray 
Superior Edge Build 


Remarkable Adhesion 


Improved Coating Density 


Big Cost Savings 
Easy Application 


Many Attractive Colors 


For complete details Prufcoat Hot-Spray Vinyl 
write call 
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Corrosion engineers need longer plagued the early occurrence 
corrosion such normally hard-to-protect trouble spots welds, 
sharp edges, threads, bolt heads, rivets and the like. For with Prufcoat 
Hot-Spray Vinyl, excellent edge protection automatically achieved 
the course normal hot spray application and, desired, extra 
spray pass two can made over such spots get additional in- 
surance against corrosion gaining even the slightest foothold. 


Prufcoat Hot-Spray Vinyl features vinyl coating chemical resistance 
its best. Use the hot spray application method means less tendency 
toward porosity and pinholing. denser coating produced that 


mil for mil you get better protection longer service life. 


And you can have the coating thickness your choice just one un- 
more depending upon your requirements. Rigging and scaffolding 
can held absolute minimum. Maintenance painting costs can 


PRUFCOAT LABORATORIES, INC. Main Street Cambridge 42, Mass. 
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low interfacial value usually results. 
Tables and only values oils are 
listed that have normal interfacial ten- 
sion values the untreated state. 

Most present day inhibitors are the 
film-forming adsorptive type. Some ex- 
hibit secondary oil wetting, 
water-soluble types mentioned. All ad- 
sorptive inhibitors are not the same, nor 
they all belong the same family. 
One method classifying them ac- 
cording their solubility. Some are oil 
soluble-water insoluble; some 
dispersible; still others are 
oil insoluble-water soluble water dis- 
non-ionic, cationic anionic. 


also 
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T-2 Statement on Minimum Require- 
ments for Protection of Buried Pipe 
Lines. Prepared by a Special Task Group of 
NACE Technical Group Committee T-2 on 
Pipe Line Corrosion. Publication No. 56-15. 
Per Copy $.50. 
TP-2 First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 
$3; Non-members, $5 Per Copy. 


members, 

T-2B Final Report Four Annual Anode 
Inspections. A Report of Technical 

Unit Committee T-2B on Anodes for Im- 

pressed Current. Publication 56-1. Per Copy 


$1.00. 
T-28 Use of High Silicon Cast Iron for 
Anodes. First Interim Report of Unit 
Committee T-2B on Anodes for Impressed 
Current. Publication No. 57-4. Per Copy $.50. 
T-2C Some Observations of Cathodic Pro- 
tection Potential Criteria in Local- 
ized Pitting. A Report of T-2C on Minimum 
Current Requirements for Cathodic Protec- 
tion. Pub. 54-2. Per Copy $.50. 
T-2C Some Observations on Cathodic Pro- 
tection criteria. A contribution to 
the work of NACE Technical Unit committee 
T-2C. Publication No. 57-15. Per Copy $.50. 
T-2G Tentative Recommended Specifica- 
tions and Practices for Coal Tar 
Coatings for Underground Use. A Report of 
Technical Unit Committee T-2G on Coal Tar 
Coatings for Underground Use. Per Copy $.50. 
T-2H First Interim Report. Tentative Rec- 
ommended Specifications for Asphalt 
Type Protective Coatings for Underground 
Pipe Lines—Wrapped Systems. A Report of 
NACE Technical Unit Committee T-2H on As- 
phalt-type Pipe Coatings. Publication No. 
57-11. Per Copy $.50. 
T-2H Second Interim Report. Tentative 
Recommended Specifications for As- 
phalt-type Protective Coatings for Under- 
ground Pipe Lines—Mastic Systems. A Report 
of NACE Technical Unit Committee T-2H on 
Asphalt-type Pipe Coatings. Publication No. 
57-14. Per Copy $.50. 


Remittances must accompany all orders for Ht- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bidg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


1061 Bldg. Houston Texas 


NATIONAL ASSOCIATION OF 


these classifications several combinations 
are possible. 

chemical composition within each clas- 
sification. Inhibitors may vary their 
rates adsorption and desorption. Sta- 
bility inhibitor the presence 
well fluids and well temperatures 
important but not often given 
tention. Inhibitors may create adverse 
formation, wax deposition, plugging 
reaction products. Inhibitors must 
usuable under conditions 
these variables must considered 
laboratory tests and field applications. 
entirely possible that given labo- 
ratory test may pertectly satisfactory 
for one type inhibitor and not suited 
all another, yet both may give good 
field results. 

Variables encountered the well it- 
self are listed these, prob- 
ably the chief cause corrosion low 
due dissolved gases and organic 
acids the aqueous phase. The 
measurement fresh well sample 
the calculated well more reliable 
than that obtained aged sample 
produced water. Gas lift wells 
given are more corrosive than are 
naturally flowing wells 
duced other forms This in- 
dicates good correlation the 
degree corrosion and pH, but not 
always the case. Generally the trend 
that direction but exceptions are suf- 
ficient make far from 
reliable. 


Limiting Factor Also Varies 


has been postulated that cor- 
rosion system, regardless how many 
factors contribute the reaction, the 
rate determined the one which al- 
lows the corrosion proceed 
slowest rate. This limiting controlling 
factor may vary frem well well and 
from one field another. Thus, poten- 
tially corrosive system may appear non- 
recognized limiting factor. This makes 
prediction corrosivity and correlation 
corrosion character oil gas 
wells difficult. 

Following example this lack 
correlation corrosion data con- 
densate wells. extensive search 
the literature revealed the following ac- 
cepted criteria corrosion gas wells: 


creased temperature, pressure, carbon 
dioxide content, organic acids content, 
velocity. 

creases pH. 

Corrosion rate decreases with forma- 
tion protective films. 


Data from 131 condensate wells were 
examined determine the type agree- 
ment obtained among these criteria. 
most cases the variable under study was 
plotted against parts per million iron; 
some cases the pounds per 
day found the produced water was 

plots bottom hole temperature 
against ppm iron the accepted criteria 
did not prove true. There was 
crease corrosion with increased tem- 
perature. 225 only 3.7% the 
wells produced water with iron con- 
tent below 100 ppm, while above 225 
52% the wells produced water with 
iron content below 100 any con- 
clusion can drawn from this would 
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TABLE Important Oil Well 
Variables 


Type of well completion 
Fluid level of the well 
Bottom hole temperature and pressure 
Type of flow (natural or method of artificial lift) 
Rate of production (velocity—turbulence) 
Water-oil ratio; gas-oil ratio 
Analysis of produced water, including pli 
Analysis of produced gas, especially acid gases 
Type of oil: 

Gravity—viscosity 

Paraffinic, naphthenic, asphaltic 

Presence or absence of colloidal carbon, 

asphaltines, ete. 

of protective 

Paraffin 

Reaction films, ferrous carbonate 

Inorganic seales such as calcium carbonate 


films: 


that condensate wells are less corro- 
sive higher temperatures. This 
some other condition the controlling 
factor. 

attempt was made 
pressure with corrosion rate, but instead 
comparison between partial pressure 
and ppm iron was made. 
comparison, besides including the 
data one curve, the data were divided 
brackets one unit each, 4-5, 
5-6, etc. corrosion rate 


was noted with the exception 
nickel steel tubing from 7-8. This 
somewhat surprising, the higher 


concentrations the well should 
create more acid 


Velocity Factor Evaluated 

attempt was made correlate 
velocity with corrosion rate. 
velocity against both ppm iron and 
pounds iron per day showed 
ranges was made with velocity 
variable, was partial pressure. 
ship. The percentage wells making 
less than 100 ppm iron the produced 
water was plotted for various velocity 
ranges and again appreciable varia- 
tions were found. thought velocity 
important only where, 
local turbulence, force great 
enough produce erosion-corrosion, 
example would the removal fer- 
rous carbonate protective 
also could affect inhibitor film these 
areas. 

The the produced water and 
the calculated 5000 feet 
well were plotted against both ppm iron 
and iron and relationship 
appeared exist. individual wells 
under alkaline treatment fairly good 
correlation was found, especially above 
6.5-7.0. Below 6.5, however, the 
results were very erratic. good corre- 
lation was obtained between both well 
head and calculated well pH, with 
the acid ratio. This, 
course, was comparison 
the acid 
ratio and ppm iron showed relation- 
ship. 

study was made the effect 
the amount condensate produced per 
day. For wells producing true conden- 
exist between the amounts conden- 
sate produced and the ppm 
Ib/day iron. California wells 
oil with the condensate, low 
corrosion rates were common. fur- 
ther check the possible protective effect 
varying produced con 
densate field test was made well 
Water samples taken showed 
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Three-coat systems Normal Copon self-cleaning white tank coating and three-coat 
systems Normal Copon aluminum tank finish were used protect this fractionating 
plant The Bay Petroleum Corp. subsidiary Tennessee Gas Transmission Co.). 


Copon pipe coatings provide thicker 


tanks stay whiter, brighter... 


trouble spots. 


protected Copon coatings 


Coatings Normal Copon provide superior protection for 
tanks, pipes, and miscellaneous plant equipment. They cling 
tenaciously metal surfaces, withstand the expansion and 
contraction metal, and provide longer-lasting film integrity 
assure permanent corrosion protection. Expensive surface 
preparation not required when Copon-protected tanks are 


elastic when subjected heat, high repainted, and Copon Coatings have the slowest rate erosion 
humidity and chemical fumes. 
the industry. 


For complete information Copon, write your 
company letterhead the manufacturer located nearest your city. 


BENNETT'S. INDUSTRIAL PAINT MANUFACTURING 
65 W. First South St., Salt Lake City 10, Utah co. 

pir gry N. BOYSEN CO. P. 0. Box 2371, Birmingham |, Alabama 
42nd & Linden Sts., Oakland 8, Calif. iy 

PAINT CO. 
BRITISH AMERICA PAINT CO., LTD. 

P. 0. Box 70, Victcria, B. C., Canada McDOUGALL-BUTLER CO., INC. 
BROOKLYN PAINT & VARNISH CO., INC. 2929 Main St., Buffalo 14, New York 

50 Jay Street. Prooklyn 1. N. Y. 

COAST PAINT LACQUER CO. 

P.O. Eox 1113, Houston 1, Texas Fitzroy, N. 6. Melbourne, Aust 
ENTERPRISE PAINT MANUFACTURING 
co. JAMES B SIPE and COMPANY, INC 
2841 S. Ashland Ave., Chicago 8, III. P. 0. Box 80!0, Pittsburgh 16, Pa. 


COAST PAINT & LACQUER De MEXICO, S.A. 
Apartado Postal No. 9637, Mexico, D.F. 
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practically variation the iron con- 
centration related the rates. 

detailed study few wells 
two fields showed decrease iron con- 
centration the water with time which 
adhered, dense film ferrous carbonate 
which acts protective barrier. This 
confirms laboratory studies made the 
Natural Gasoline Association Amer- 
ica the University Texas, but un- 
fortunately, characteristic the wells 
and cannot controlled. 


Simple Method Available 


These studies confirm previously pub- 
lished opinions that there simple, 
reliable means predicting corrosivity 
given well field. While bottom 
hole temperature, least 250 
and velocities ft/sec., does not 
appear affect the corrosion rate, 
amount sand produced with the 
gas these high velocities would have 
erosive effect. Partial pressures 
the rate corrosion expressed 
iron concentration the produced 
water. 

Although very erratic results were ob- 
tained when comparing with iron 
concentration, felt that pro- 
duced water, better still, calculated 
well fairly good index corro- 
sion rate. 

Messrs. Shock and Sudbury’ conclude 
making the following statement: 


The complexities of corrosion behavior are 
so great that it is difficult, if not impos- 
sible, to outline a simple method for eval- 
uating and predicting corrosion in all wells. 
The eorrosion engineer must understand the 
possible corrosion mechanics, then choose 
the methods which give adequate informa- 
tion at an economical cost. The acidity 
rules help in anticipating corrosion; the 
coupon systems help deftne its course; the 
iron content methods are useful as indi- 
cators or comparison controls for mitigation 
methods. All these methods are useful, but 
the data yielded must judged the light 
of the conditions of the particular well 
under test. 


Corrosion Susceptibility Steel 
Corrosion oil wells and especially 


condensate producers often very 


HOW CORROSION 
INDEXED 


Alphabetical subject and author in- 
dexes are published December 
the end the calendar year volume 
issues. 

Abstracts articles appear the 
Corrosion Abstracts section COR- 
ROSION. 

Abstracts articles appear the 
NACE Bibliographic Surveys Cor- 

Abstracts articles appear the 
Abstract Punch Card 
Service. 

CORROSION Indexed regularly 
Engineering Index. 

CORROSION will indexed, begin- 
ning January 1958 Applied 
Science and Technology Index. 

10-year alphabetical subject and 
author index (1945-54) has been 
published and available for sale. 
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Figure 5—Electrical log test of string Showing heavy 
pitting concentrated in one area and in one joint in 
an area where other joints are apparently unaffected. 


ry 


Figure 6—Electrical log indicating heavy pitting, 
probably the result of inhomogeneous steel in tubing. 


erratic. may concentrated the 
bottom, the center the top 
string tubing. some cases corro- 
sion may occur throughout the string. 
Often gas well the attack most 
severe near the top, while oil well 
most severe the bottom string 
and there are numerous exceptions. 
complicate the problem, one joint may 
show severe pitting while adjacent 
joint may relatively free from corro- 
sion indicated the survey re- 
produced Figure Sometimes the 
attack localized within the joint. 
example ringworm corrosion and 
there are other cases 

3ecause this random and seemingly se- 
lective corrosion occurs several wells 
and not isolated, clearly shows lack 
uniformity individual joints 
tubing exposed the same corrosive 
environment. (See Figure 6.) Evidence 
strong that the steel tubing itself 
not uniform material from the corro- 
sion standpoint. 


this corrosion were uniform instead 
being the pitting type would not 
economic importance because failure 
usually due pitting, when only 
small percentage the total area ex- 
posed affected. Pitting caused 
many factors, including mill scale, lack 
uniformity grain structure, mill 
defects, internal stresses and strains, the 
amount and form iron differ- 
ence microstructure with respect 
banding potential dif- 
ferences resulting from lack uniform- 
ity, etc. were possible for the metal- 
lurgist develop steel the desirable 
physical properties and such homo- 
geneity that corrosion would always 
uniform nature, the problems would 
largely solved. There plenty 
room for research this subject 
susceptibility steel pitting type 
corrosion. 


The Human Element Significant 


Another variable further complicating 
the successful control corrosion oil 
and gas wells the human element. 
Changes technical personnel respensi- 
ble for directing corrosion control meas- 


ENGINEERS 


ures cause serious mistakes the 
treatment wells. Lack proper back- 
ground and ignorance the past history 
treating procedures can lead costly 
mistakes. Corrosion problems require 
handled only under the direction 
well trained personnel who must not 
only understand the problem but also 
must given time devote it. Cor- 
rosion control not stepchild 
spare time job. 

Another individual who can make 
break corrosion control program 
the pumper other employee who may 
charged with treating wells with in- 
hibitors. example this well 
which did not respond any inhibitor 
any dosage because nome the vari- 
ous inhibitors purchased ever were used. 
The pumper responsible would roll the 
new drum chemical the top 
nearby hill, give kick and send 
rolling down the hill into creek! 

There have been cases where 
hibitor added pumping well never 
reached bottom. The well would flow 
through the annulus intermittently and 
thus only the flow line would pro- 
tected. This went for some time until 
investigation the apparent failure 
disclosed the situation. 

good example diagnosis 
occurred sweet oil well. Before 
treatment average tubing replacement 
was feet per month. During four years 
inhibitor treatment tubing replace- 
ments were made. survey showed 
joints had wall thickness less than 
1/16 inch, and because this finding 
the treatment was deemed unsuccessful 
and was stopped. 

The bad joints must have been 
poor condition when the treatment was 
initiated and some rod wear undoubt- 
edly took place during the four years 
treatment. So, faulty joints were re- 
placed and six months this well was 
pulled eight times because 
holes. The record speaks for itself: Four 
years treatment with practicaHy 
replacements, then eight holes 
months without treatment and equip- 
ment good condition. 

well educate field personnel 
the advantages control program. 
Such education should convince the field 
employee that the treating program 
important because makes his work 
easier the long run. The success fac- 
tor corrosion control measures would 
much higher education this kind 
was general. 


Unanswered Questions and Needed 
Information 


Probably the greatest needed improve- 
ment uniformity steel. would 
desirable determine exactly why some 
steel corrodes pitting rather than 
uniformly. mechanism was found 
then would desirable develop 
rapid, economical, non-destructive method 
testing that would permit identifica- 
tion joints susceptible pitting. 

There need for more 
study the mechanics corrosion 
oil and gas wells. This should lead 
explanation why similar wells 
react differently and more reliable 
means predicting corrosivity. 

Also more fundamental information 
inhibitor function needed: what 
can done increase their rate 
adsorption, strength bond and resist- 
ance desorption? would desir- 
able inhibitors could laboratory 
tested not only for effectiveness, but also 
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corrosion closed re-circulating systems with 
Columbia-Southern Sodium Chromate...it saves you money 


Been looking for really effective, low- 
cost corrosion control? Just add 
Columbia-Southern Sodium Chromate 
your closed re-circulating system. 
You can finally relax then because 
this chemical protection never does. 
Here’s how works. the chromate 
through your system, forms 
durable film over the vulnerable 
metal surfaces. Straightaways, joints, 
turns; all sections get identical pro- 
tection with this chemical barrier 
corrosion. And the film self-renewing 


long sufficient chromate present 
the solution. the film scratched 
broken abrasion, active chromate 
ions immediately rush seal it. 

Columbia-Southern 
mate inhibits, retards, controls corro- 
sion appiications like these: 
conditioning equipment, refrigerating 
systems, diesels, cooling towers, boil- 
ers, marine engines, automobiles, hot 
water heating systems, pumping and 
compressor stations. 

For more information, write today 


our Pittsburgh address any 
our district offices. 


COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY PITTSBURGH PLATE GLASS COMPANY 
ONE GATEWAY PITTSBURGH PENNSYLVANIA 


DISTRICT OFFICES: Cincinnati « Charlotte 

Chicago Cleveland Boston « New York 

St. Louis Minneapolis New Orleans 

Dallas e Houston ¢ Pittsburgh e Philadelphia 
San Francisco 

IN CANADA: Standard Chemical Limited 

and its Commercial Chemicals Division 


Columbia-Southern Sodium Chromate strikingly effective against corrosive agents that attack metal- 
lic pipes. Its protection prevents costly downtime and saves you money frequent pipe replacement, 
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Slag Network Helps 
Wrought Iron Resist 


ROUGHT iron aggregate 

highly refined iron and iron-silicate- 
slag. The complete definition adopted 
the American Society for Testing 
Materials 1930 states that ag- 
pasty particles highly refined iron, 
with which, without subsequent fusion, 
incorporated minutely and uniformly 
distributed quantity slag.” 

Because the iron-silicate content 
wrought iron paramount the metal’s 
resistance corrosion and fatigue 
necessary explain how iron-silicate 
incorporated the base metal. 

The task can stated briefly: (a) 
Melt and refine base metal. (b) Pro- 
duce and keep molten proper slag. 
(c) Granulate, disintegrate, the base 
metal and mechanically incorporate with 
the desired amount slag. 


How Iron-Silicate Slag Made 

The molten iron-silicate slag for the 
production wrought iron controlled 
carefully exacting composition and 
melting involved metallurgical 
operation. The right proportions mill 
scale and sand, heating furnace flue- 
cinder with its silica content diluted 
with mill scale, partially reduced iron 
ore containing the correct percentage 
silica can used. suitably propor- 
tioning the charge, any these raw 
materials may melted produce 
iron-silicate slag analysis required 
for production wrought iron. Once 
started, ladle slag skulls and the excess 
slag removed during pressing the 
wrought iron sponge into bloom can 
remelted with any required compo- 
sition adjustments made with mill scale, 
heating furnace flue-cinder 

The melting point the 
percent silica, percent iron 
oxide slag the range 2325-2375 
seen the phase diagram, Figure 
highly refractory, has high spe- 
cific heat, low heat conductivity and 
forms its own lining any vessel 


*% Digested from a talk by E. P. Best, A. M. 
Byers Company Chief Metallurgist, before a 
meeting of North Texas Section, National 
Association of Corrosion Engineers, Dallas, 
Texas, November 7, 1956. 


Abstract 
The principal characteristics of and 
method used for making wrought 
iron are described briefly. Reasons 
for resistance to corrosion are given 
and characteristic corrosion reaction 
described. Physical properties and 
characteristics are described briefly, 


ladle which contained. has 
specfic gravity about 4.9 (iron 
7.8). Its properties are such that 
used also the refractory lining the 
shell the rotary furnace which 
melted. Wrought iron shells these 
rotaries require water cooling. 


Slag “Wets” Iron Sponge 

about 7000 produced ladle 
slag. The slag the iron sponge 
that formed, thus when the slag 
decanted for reuse some iron- 
silicate retained with the sponge. 
the interstices the metallic 
particles the action 
pillarity combine forces and the 
gate retains about percent weight 
the slag. 

iron sponge remove some 
slag massive press that simulta- 
neously shapes the into 
“pressed bloom” for rolling, removing 
some the siliceous slag 
spongy mass. The slag liquid 
when the pasty metallic particles are 
squeezed and welded together. How- 
ever, regardless pressure the “wet- 


TABLE 1—Tensile Properties Wrought Iron 


Ultimate | Yield 
Strength Point 
psi (000) 


Bars (%” Round)......... 
Pipe (14%” Standard). 
34” Plate (Standard) L 

3%” Plate (Special Forming) L 


3.5% Ni Wrought Iron (1” Round) ...... 
.30 P/.30 Cu W. I. (34%” O.D. Tubing)... 
1.30% Cu Wrought Iron (%” Round) ... 
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Figure 2—(left) Fractures of standard plate. Figure 
3—(right) Deep etched wrought iron surface, showing 
texture. 


00 


Liquid 


Foyolite +Liquid 


1200 }- 


Trdyrte® Foyaiite 


Figure 1—Phase diagram, system FeO-SiO2 (Reprinted 
by permission. J. Ceramic Soc., Nov. 1, 1947, Part 2). 


ting” action and capillarity prevail. The 
pressed blooms retain about 2.5 percent 
weight the iron-silicate slag 
minutely and uniformly distributed glo- 
bular particles. 

3efore wrought iron rolled, 
which temperature are 
molten. The austenite grains elongate 
and the iron-silicate. Soon the 
austenite transforms ferrite; after 
each pass the grains recrystallize cither 
austenite ferrite. 

The elongated slag particles partially 
coalesce, pass after pass, until they 
reach range temperature where, 
under the imposed rolling conditions, 
they reach their plastic range and elon- 
gate into fine stringer, 


(Continued Page 120) 


| Elongation Reduction 


48 28 25 

48 30 20 

42 | 30 4 | 

45 30 10 | 

45 30 10 

60 10 25 

60 15 25 1) 


a 


118 
q 
10 
| 
A 
= 


Wrought Iron case against corrosion 
Longitudinal photomicrograph U-2-3 (100x) 
shows typical area—parallel 
the microstructure observed the subject 
wrought iron pipe. 
igure 
owing 


Liqudus Temperature 


Metallurgical Report 1517—Condensate Return Line’ 


This report deals with the metallurgical examination original wrought iron heating piping still serv- 


our laboratory for investigation and comment. 

The outer surface had tightly adherent oxide 
coating and was found excellent condition. 
4-inch long piece the sample was split longi- 
tudinally into two half-sections. The interior surface 
was covered with rust film; localized pitting 
grooving was observed. 

Chemical composition the pipe sample 
follows: 
Silicon 
Iron 

The operating engineer the central steam plant 
this installation has estimated that the 


ice. This 65-year service record offers documentary 
evidence wrought iron’s remarkable staying 
power condensate service. Byers Company, 
Clark Building, Pittsburgh 22, Pennsylvania. 


Write for free cloth-bound book, Wrought Iron: 
Its Manufacture, Characteristics and Applications. 


*Name of actual installation given on request. 
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for permissible frequency treatment. 
squeezing inhibitors into formation, 
should consideration given 
cificity adsorption? Would inhibi- 
tor having strong affinity for silica 
steel surface? Other needed informa- 
tion inhibitors include the importance 
solubility; chemical activity with for- 
mation fluids; long time stability when 
diluted; heat stability bottom hole 
temperature; the effect temperature 
effectiveness; possible plugging ef- 
fects formation porosity when squeez- 
ing and importance fluid-oil ratio 
when testing. 

Most inhibitor treating more less 


CASING POTENTIAL VOLTS 


for controlled data the results 
treatment different types wells. 
These include flowing wells, gas lift 
wells, those set packers, high and 
low water producers, the effect fluid 
level wells, circulation non-circu- 
lation, slug more frequent treating. 

short, there are 
uncorrelated data occupy the interest 
the corrosion engineer for long time 
to come. 
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HOW MUCH CURRENT 
PROTECT OIL WELL CASING 


EXTERNAL 


Log current-potential curves, such shown above, give the answer. They 
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The trouble is, however, that unless they are made correctly, such curves 
useless. Curves and above, made CSI, allow correct appraisal 
defy interpretation They are the result either faulty instrumentation 


operational techniques. 


CSI engineers are experts this field. They have obtained curves like 
and hundreds wells. They design and install cathodic protection sys- 


Box 7343, Dept. C-2 


magnesium anodes the current source. Protection for oil and gas wells 
has averaged about $300 per well—for system designed for ten years 
protection, installed turnkey basis. 
For more information, service quality supplies, call write today. 
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like particle. Under conditions 
they may become platelets. 
Silicate Determines Corrosion 
Resistance 

Wrought iron’s corrosion 
contingent its iron silicate content. 

Dr. James Aston, the man credited 
with first pointing out the effect 
oxygen concentration cells with respect 
corrosion phenomena, said this re- 
sistance occurs because the silicate of- 
fers mechanical interference the prog- 
ress corrosion, describing his think- 
ing “the barrier theory.” 

Corrosion pits wrought iron con- 
firm the thinking Aston. gen- 
erally are shallow and cover relatively 
large surface area, corrosion engineer 
one the largest oil companies re- 
cently wrote report’ covering 
formance string mixed tubing 
used experimentally salt water dis- 
posal well. The wrought iron out-per- 
formed the other materials. 

The engineer said that although the 
wrought iron showed some general sur- 
face corrosion and some pits, neverthe- 
less appeared that the superiority 
the wrought iron was associated appar- 
ently with the ability the 
rated slag arrest the progress 
corrosion and result the formation 
pits with large surface area com- 
pared depth. 

The corrosion product generally 
found wrought iron hard and 
dense. Initial corrosion wrought iron 
provides rough surface, enabling the 
corrosion product adhere tightly 
the underlying metal. 

Physical Properties Wrought Iron 

addition the effect the sili- 
cate upon corrosion resistance, its re- 
lationship with respect the physical 
properties and characteristics wrought 
iron just interesting. 

Effect the physical form and dis- 
tribution the slag particles incorpo- 
rated wrought iron demonstrated 
suitable specimens are subjected 
the test. 

Figure large bar shown 
transversely nicked one 
and fractured. 

Typical tensile properties are shown 
Table 

valuable aspect the incorporated 
iron-silicate the surface condition 
which can developed when wrought 
iron deeply etched subjected 
acid pickling; the surface becomes like 
that shown Figure Such rough- 
ened surface affords unusual anchor- 
age for galvanizing and other protective 
metallic coatings. The coating weight 
the case galvanizing, for instance, 
excellent, readily meets specification 
requirements and the adherence attained 
with heavier coating the optimum. 


Reference 
1 Confidential correspondence. 
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4.3.2, 6.2.5 

Inhibition Nitric Acid Corrosion 
Stainless Steel. Interim Report. 
Hanford Atomic Products Op- 
eration. Atomic Energy Comm. 
Pubn., HW-42100, May 1956, pp. 
Available from Office Technical Serv- 
ices, Washington, 

investigation was made deter- 
mine the effect removing and 
the corrosion rate stain- 
less steel wt.% nitric acid. Sam- 
ples Type 304-L stainless steel were 
subjected sensitizing heat treatment 
and exposed sealed glass capsules to: 
wt.% nitric acid solutions which con- 
tained 0.2M, 0.1M, 0.01M, and 0.001M 
urea and solutions wt.% nitric 
14034 


4.3.2, 6.2.5, 2.3.5 

Corrosion Austenitic Stainless 
AND Corrosion, 13, No. 
10, 619t-624t (1957) Oct. 

The corrosion resistance six differ- 
ent grades stainless steel 
vestigated air-saturated and nitrogen- 
saturated sulfuric acid solutions 30, 
and The results for the various 
grades are presented terms “ac- 
regions that depend acid 
concentration, temperature and type 
aeration. The use potential measure- 
ments for the determination the “ac- 
tive-passive” regions and the use po- 
tential measurements acid 
plant equipment for detection severe 


corrosion conditions are also discussed. 
14238 


Vessels for the Storage and Transport 
National Bureau Stand- 
ards Research Paper No. 2757. Res. 
Nat. Bur. Standards, 58, No. 243-253 
(1957) May. 


Discusses design and construction 


NBS Cryogenic Engineering 
tory, emphasizing 
rate, high insulating vacuums 
faces high reflectivity. Stainless steel 
used for all internal piping. Insulating 
supports are rigid laminae formed from 
(0.002-0.005-inch). 
Shells are weldable aluminum alloy 
52S. Techniques employed joining 
aluminum stainless steel provide 
vacuum-tight tubing joints for tempera- 
ture range +130 —420 are de- 
scribed. Heat calculations are 
given. Diagrams.—I NCO. 14237 


4.3.6 

Lithium Chloride Solution for Fire 
Extinguishers Exposed Low 
AND Tuve. Naval Research Lab., 
Rept. 4853, October 19, 1956, pp. 
Available from Office Technical Serv- 
ices, Dept. Commerce, Wash- 
ington, (PB 111913). 

Investigation use 24% aqueous 
solution lithium chloride for fire ex- 
tinguishing purposes low-temperature 
areas indicates that can effectively 
applied temperatures down —54 
Freezing point measurement apparatus 
used contained iron-Constantan thermo- 
couple leads, Nichrome stirring rod and 
Nichrome heating coil. Laboratory cor- 
rosion tests showed that 24% aqueous 
lithium chloride caused etching, pitting 
rusting brass, copper, aluminum 
and plain steel. 18-8 stainless steel was 
only slightly tarnished. chloride 
solution produced great damage and re- 
moved much more material from speci- 
mens than did lithium chloride solution. 
Tests indicate that temporary contact 
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with lithium chloride extinguishant, 
when during fire, will cause little 
damage metals tested, provided 
cleanup operations are carried out 
promptly. Tables, graphs, diagrams.— 
INCO. 13879 


4.5 Soil 


4.5.1, 1.6 

Underground Corrosion. 
MANOFF. National Bureau Standards 
Circular 579, April, 1957, 227 pp. Available 
from Superintendent Documents, 
Printing Office, Washington 

) 

corrosion investigation the National 
Bureau Standards superseding NBS 
Circular 450 issued 1945. Theoretical 


FLEXI 


NATIONAL CORROSION 


and practical aspects underground cor- 
rosion numerous materials are covered 
theoretical and practical 

Discussions cover soils, 
factors affecting corrosion, pitting, NBS 
investigations covering cast, wrought and 
miscellaneous ferrous materials, results; 
field and laboratory studies bolt mate- 
rials, copper and copper 
tests lead, zine and aluminum; gal- 
vanic couples, metallic protective coat- 
ings, organic coatings, accelerated tests 
coatings, accelerated tests soil cor- 
rosivity, soil resistivity, potential meas- 
urements, stray current electrolysis, ca- 
thodic protection and description 
methods testing. 

The volume, prepared and 
printed, replete with illustrations and 
tabulated data. There extensive al- 


RUBEROID ROCK SHIELD 


means extra safety extra tough areas 


Oil and gas pipelines need extra protec- 
tion from rock abrasion and penetration 
areas such mountain cuts and river 
crossings. Ruberoid Flexible Pipeline 
Shield the made-to-order extra protec- 
tion insure long, maintenance-free pipe- 
line performance. 

Ruberoid Pipeline Shield made 
premium felt, saturated with Bitumen and 
lined one side with tough kraft crepe 
paper provide more fiexibility. This 
rugged, durable covering will withstand 
extremes abrasion and penetration and 


keep lines service without costly repair 
interruptions. 

Pipeline Shield easy ap- 
ply right over the standard felt and 
widths from 17” 60” fit 
any size pipe. One two man crews can 
install quickly with metal strapping. 
Seals (600 per 1000’) are just simple 
install. 

When laying pipelines extra tough 
areas, add extra margin safety with 
Ruberoid Pipeline Shield. will provide 
extra years trouble-free service. 


Executive Offices: 500 Fifth Avenue, New York 36, 
Western Division Offices: 307 Michigan Ave., Chicago 


ENGINEERS Vol. 
phabetical subject and 
ences. 14143 


Theory Underground Corro- 
mii), 26, No. 139-163 (1957) Feb. 

Paper discussed soil 
agent, the anodic and cathodic processes, 
mechanism oxygen depolarization 
the cathode soil, mechanism oxy- 
transfer soil, nature control 
special features corro- 
sive couples the metal surface, the 
role micro- and macrocouples 
judging the corrosion activity soils 
and the effect organisms the cor- 
twelve figures, references. Translation 
Technical Services, 
P.O. Box 271, Fast Orange, New Jersey. 


ATS. 13841 


Artificial Insulating Joints for Stray 
Current Mitigative Measurements. 
CANTWELL. Corrosion, 13, No. 10, 616t- 
618t (1957) October. 

making electrical measurements 
pertinent determining ‘stray current 
measures, often desirable 
determine the effect proposed 
insulating joint predetermined lo- 
cation. applying direct current 
source between the structure and the 
earth the manner described 
paper, simulation insulating joint 
achieved. Since the method entirely 
the placing temporary in- 
sulating joints for test purposes elim- 
inated. This method can applied 
any structure carrying stray earth 
currents. 

ing joint, the associated current and po- 
tential measurements are used deter- 
mine (1) the resistance earth the 
structure each side the point 
application, (2) the potential 
that would exist each side per- 
manent insulating joint, (3) the poten- 
tial across the permanent insulating 
joint. They also provide data for deter- 
mining the resistance and current carry- 
ing capacity for bridging resistor. 


14219 


4.6 Water and Steam 


4.6.2, 7.6.4 

Water Conditions for High Pressure 
Corrosion, i, No. 9, 589t-590t (1957) 
Sept. 

Components high pressure boiler 
system which are contact with high 
purity water are described. Materials 
construction and operating pressures 
and temperatures are given for such 
items condensers, feedwater heaters 
components. Demineralized 
and evaporated make-up are referred 
along with data the chemical nature 
the Analyses water and 
steam samples from points the boiler 
water cycle show iron and copper con- 
tents and other indications the purity 
and corrosiveness the water, The part 
played chemical treatment, boiler 
blowdown, removal dissolved gases 
and other operating factors maintain- 
ing the described water conditions are 


discussed. 14185 


4.6.4 
Approaching Problems Cooling 
Water Corrosion. Aquatol, 
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Sodium nitrite protects the 
fine strands steel wool, plates, pipes, 
machined parts such gears. The only difference 
between the specimens shown above that the 
beaker the left contains low cost .1% concen- 
tration Sodium Nitrite. 


Sodium Nitrite forms invisible gamma 
oxide protective film that keeps metal surfaces cor- 
rosion-free. You can easily dip spray solu- 
tion, add circulating water systems. Effective 
with steel iron, also reportedly suppresses 
degradation aluminum, tin, monel, copper and 


Sodium Nitrite Potassium Carbonate 
Caustic Soda ¢ Calcium Chloride © Chlorine 
Sodium Bicarbonate * Ammonium Chloride 
Caustic Potash Chloroform Vinyl Chloride 
Methylene Chloride Para-dichlorobenzene 
Chloride Cleaning Compounds Soda 
Ash Hydrogen Peroxide Aluminum Chloride 
Ammonium Bicarbonate * Carbon Tetrachloride 
Monochlorobenzene * Mutual Chromium Chemicals 
Ortho-dichlorobenzene Snowflake® Crystals 


SOLVAY branch offices and dealers are located 
major centers from coast coast. 
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OSION PROTECTION 
LVAY SODIUM NITRITE 


brass. Where more moisture resistant film re- 
quired, can combined with phosphates. 


Write for test sample and full facts 
Sodium Nitrite’s many anti-corrosion applications. 


Mail now for sample, information! 


SOLVAY PROCESS DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
61 Broadway, New York 6, N. Y. 


Please send without cost: 
Test sample Sodium Nitrite 


Nitrite for Rust and 
Corrosion Prevention” 
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Company 
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Inc. Petroleum Refiner, 36, No. 164- 
165, 216 (1957) April. 

Major factors considered are 
effect conductivity (TDS) cooling 
water and effect inhibitor anodic 


POSITIONS WANTED 
and 
AVAILABLE 


Active and Junior NACE members and 
Companies seeking employees may run 
without charge two consecutive advertise- 
ments annually under this heading, not 
over 35 words set in 8 point text type. 

@ Advertisements to other specifications will 
charged for $10 column inch. 


Positions Available 


Corrosion Sales Engineer, Pipeline Ma- 
terials. Growing organization has estab- 
lished Northeastern territory fill. 
Married applicant, residing Northern 
New Jersey New York Metropolitan 
area, given preference. Travel. Salary 
commensurate with 
SION, Box 58-1. 


Salesmen Wanted 


Sales Representative—We are sole fran- 
chise applicators for nationally recog- 
nized spray-on vinyl plastics material 
revolutionizing building industry. Out- 
standing for building maintenance, 
water proofing and corrosion preven- 
tion. Work will executed our 
trained personnel. Looking for salesmen 
high caliber cover New York, 
New Jersey, Eastern Pennsylvania and 
Connecticut. CORROSION, Box 58-2. 


NACE 


San Francisco 


Long Useful Life 
Easy Accessibility 


LESTER EQUIPMENT 
MFG. CO., INC. 
151 17th St., Los Angeles 15, Calif. 
Manufacturers Equipment Since 1932 


“NATIONAL ASSOCIATION OF CORROSION 


and cathodic areas. Generalized equa- 
tion for cooling water corrosion de- 
rived. Used low concentrations, 
chromate ion, which most successful 
anodic inhibitor, causes severe pitting; 
this overcome addition phos- 
phate second anodic inhibitor. Table 
gives corrosion rates mpy using an- 
odic phosphate, anodic double chromate 
phosphate and cathodic zinc chromate 


inhibitors. 14076 


4.6.4, 4.4.3 

Automotive Antifreezes. ONDREJ- 
Paper before Chemical Specialties 
Mfrs’. Assn., 43rd Ann. Mtg., Washing- 
(1957) Feb. 

Discusses the need for the 
pros and cons methanol and 
glycol based types, and use corrosion 
inhibitors. Oxidation glycols corrosive 
acids promoted mechanical defects 
such air suction water pump shaft seal 
lower hose connection and exhaust gas 
leakage. Photos show corroded water 
pump, rusted engine block and solder at- 


tack radiator 13916 


4.6.4, 7.4.1 

Water Utilization and Treatment Ef- 
ficiency Gulf Coast Cooling Towers. 
Report the Recirculating Cooling 
Water Work Group. Corrosion, 13, No. 
527t-530t (1957) August. 

evaluation made water utili- 
zation and treatment data submitted 
some Gulf Coast refineries and 
chemical plants. Points considered 
rating cooling towers include treatment 
efficiency, concentration efficiency, 
water utilization efficiency 
nomic efficiency. mathematical ap- 


CATHODIC PROTECTION RECTIFIERS 


Some the 457 Units 
Serving SHELL Ventura, 


Advantages: 
High Conversion Efficiency for Low 
DISPLAY Operating Cost 
BOOTH Competitive 
First Cost 


ENGINEERS 


proach the quantitative evaluation 
the data obtained described. 
Evaluation the data indicated that 
the average refinery chemical plant 
was properly utilizing the quantity 
water required for the removal sen- 
sible heat. was found, however, that 
the average Gulf Coast cooling tower 
was operating well below optimum 
chemical efficiency. 14003 


PREVENTIVE MEASURES 


5.2 Cathodic Protection 


5.2.2, 8.9.5 

Cathodic Protection Active Ship 
Using Zinc Anodes. and 
Pretser. Am. Soc. Naval Engrs., 
68, 701-704 (1956) November; Corrosion, 
13, No. 515t-518t (1957) August. 


Low iron, special high grade, zinc 
anodes were installled the bottom the 
YTB-542 for study their perform- 
ance sacrificial anodes. Hull-potential 
readings were taken weekly for fifteen- 
month period, after which the vessel 
was dry docked and the hull examined. 
Protective potentials, referred 
silver chloride half-cell, —0.85 —0.90 
volt were maintained with the ship rest 
and averaged —0.78 volt, when underway. 
The condition the hull 
The rate zinc consumption anodes 
was low. 14004 


5.2.2, 8.9.5 

Cathodic Protection Ships 
Bull. Soc. Franc. Electriciens, 
474-483 (1956) July; Sci. Absts., Sec. 
60, No. 710, 49-50 (1957) Feb. 


brief historical review methods 
for prevention corrosion sea water 
precedes short description recent pro- 
tection devices used for ships’ hulls and 
bottoms various kinds, such 
inous coatings and painting vinyl co- 
polymers and metallic pigments. Ca- 
thodic protection using magnesium 
then discussed detail. There are 
14014 


5.2.4 

Some Observations Cathodic Pro- 
tection Criteria. Contribution the 
Work NACE Technical Unit Com- 
mittee T-2C Minimum Current Re- 
RINGER. Corrosion, 13, No. 351t-357t 
(1957) May. 

comparison cathodic protection 
criteria has been made 240-ft. length 
bare 6-inch pipe (steel) buried 
16,100-55,900 ohm. soil. Anodic 
areas representative size and position 
were established the pipe coupling 
high purity zinc plates through measuring 
circuits. 

Some the cathodic protection cri- 
teria observed simultaneously the 
pipeline include: Measurement the 
closure circuit current flow between the 
plates and the pipe. The McCol- 
lum Earth Current Meter. Pipe-to- 
reference electrode potential. (a. elec- 
trode remote. electrode ground 
over pipe. electrode close pipe.) 
The “apparent” break the potential log 
current density relation. 

Further tests were conducted with 
buried copper-iron ball corrosion system 
—to eliminate edge effects. 

Evaluation the test data and funda- 
mental considerations show: Short 
lines corrosion current continue 
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FIVE YEARS UNDER THESE HIGHLY CORROSIVE CONDITIONS PROVES 
THAT POLYKEN PROTECTION TRIM COSTS 


Look one the world’s largest fluid catalytic 
cracking units. maze conduit and pipe exposed 
extremely corrosive sulfuric acid atmosphere. 


Formerly, these structures had painted 
every three four months. Maintenance costs were 
excessive. Then, five years ago, they were wrapped 
with Polyken Protective Tape Coating. They have 
needed practically attention since. 


INERT POLYETHYLENE 


The reason that Polyken takes amazingly inert 
polyethylene and makes into tape coating with 
all these properties. 


tough and elastic 

unplasticized, non-drying film 

doubly thick adhesive seal all voids 

far higher adhesion for true bond pipe surface 
lower water vapor transmission rate 

higher electrical insulation resistance 

better cold weather handling and durability 


Check the savings. Contact the Polyken distributor 


your area. 


Atlanta, Georgia: Steele 
Associates, Inc. 

Chicago, Sales Engineering, Inc. 
Cincinnati, Ohio: Hare Equipment 
Cleveland, Ohio: The Harco 
Corp. 

Des Moines, The Donald 
Corp. 

Fort Worth, Texas: Plastic 
Engineering Sales Corp. 
Harvey, Allen Cathodic 
Protection Co. 

Houston, Texas: Cathodic 
Protection Service. 

Kansas City, Mo.: Industrial 
Engineering Co. 

Long Beach, Calif.: Barnes 
Delaney 


Minneapolis, Minn.: Simcoe 
Equipment Co. 

Oakland, Calif.: Bison 
Philadelphia, Pa.: Harold 
Davis Co. 

Pittsburgh, Pa.: Royston 
Laboratories, Inc. 

Plainfield, New Jersey: Stuart 
Steel Protection Corp 

St. Louis, Mo.: Shutt Process 
Equipment Corp. 

San Francisco, Calif.: Aetna Sales 
Co. 

Seattle, Wash.: Farwest Corrosion 
Control Corp. 

Seattle, Wash.: Pacific Water 
Works Supply Co. 

Tulsa, Okla.: William Cluf Corp 


Experienced modern 
PROTECTIVE COATING 


Polyken Sales Division 
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Metal Conditioner 


FOR ADDED 
CORROSION 
RESISTANCE 


Brushed sprayed galvanized 
metal, aluminum blasted 
steel, Tropical Preprimer, like Bond- 
erite,* reacts chemically with the 
metal surface form tough, uni- 
form phosphate coating that gives 
increased protection against rust and 
corrosion. This one-package pig- 
mented coating also provides firm, 
lasting bond for prime and finish 
paint coats. Preprimer lengthens 
paint life, reduces maintenance. Dries 
minutes. For use under regular 
metal primers improve adhesion. 
Write today for complete informa- 
tion Tropical Preprimer! reg. 


TROPICAL PAINT CO. 


1142-1292 7Oth, Cleveland Ohio 


Heavy-Duty Maintenance 
Paints Since 1883 


SUBSIDIARY 
PARKER RUST 
PROOF COMPANY 


NATIONAL 


ASSOCIATION OF 


flow the anode-cathode boundary 
even though the net closure circuit cur- 
rent flow made zero. Short lines 
corrosion current continue flow even 
though there current flow through 
the soil shown McCollum Earth 
Current Meter. stop short lines 
corrosion current flow, the potential 
the pipe measured against reference 
electrode must made increasingly more 
electro-negative when the reference 
electrode positioned further 
pipeline. mixed (anodic-cathodic 
control) corrosion system, the 
break the potential-log current den- 
sity relation not reliable indication 
protective current requirements. 

The study directed toward criterion 
requirements for approaching “com- 
plete” rather than cathodic 
protection 13891 


Coatings 


5.3.4 
Microthrowing Power: Literature 


Jr. Plating, 44, No. 388-396 (1957) 
April. 

Summary published experimental 


electrodeposition metals isolated 
surface cavities. First section covers 
usage terms: throwing and micro- 
throwing powers, covering power, level- 
ing and smoothing, hiding power and 
Second section reviews ex- 
perimental work microthrowing 
power and leveling which 
Am. Electroplaters’ Soc. Research 
Project No. 17, dealing with pores and 
individual grooves holes. Solution 
considered with respect metal con- 
tent, positive ions, negative ions, pH, 
and organic addition agents. Operating 
conditions considered 
density, temperature, agitation and de- 
posit thickness. 
with shape, width and depth cavity 
are reviewed. Third section concerned 


with theoretical work 
isolated recesses cavities, 
section deals with experi- 


work Project 17. Most references 
and discussions pertain nickel plat- 
ing. Graphs, diagrams, references.— 


14063 


5.3.4 
Titanium Coating and Its Application. 
Titanium Cementation. 


YAMAGUCHI, Kazuo AND 
TAKESHI Sci. Research Inst., 
Tokyo, 50, 247-252 (1956) Dec. 


contact with titanium powder reduced 


diffusion and that 
resistant materials can obtained 
this treatment. The apparent energy 
activation the diffusion process 
keal. 14033 


5.3.4, 6.4.4 

Study the Feasibility Coating 
Magnesium with High-Purity Alumi- 
Battelle Memorial Institute. 
Wright Air Development Center, No- 
vember, 1956, pp. Available from 
Office Technical Services, Dept. 
Commerce, Washington, (Order 
121860). 

Recent work with high-purity alumi- 


CORROSION ENGINEERS 


Vol. 14 


num has shown exceptionally prom- 
ising protective coating for mag- 
nesium, which has been restricted 
many applications lack suitable 
protection against corrosion. However, 
satisfactory method existed for ap- 
plying the coatings. 

The feasibility the vapor plating 
technique was investigated through 
pounds sufficiently unstable de- 
composed yield aluminum 
suitable plating temperatures. Most 
promising for further experimentation 
was pyrolysis aluminum alkyls and 
aluminum hydride and its derivatives 
low pressures and temperatures 


400 500 14012 


5.4 Non-Metallic Coatings 
and Paints 


5.4.6, 2.5, 8.9.5 

Non-Slip Deck Paints and Their 
Standardisation for the Indian Navy. 
No. 129-133 (1956). 

specification for non-slip deck paints 
includes tests for drying 
time, resistance sea water, resistance 
shock, fire retardance, adhesion, static 
and sliding friction 
wear and 14110 


5.4.8, 3.3.2 

Testing Coal Tar Coatings. Part 
Resistance Fouling and Degrada- 
and Fair, Jr. Corrosion, 13, No. 
4931-500t (1957) August. 

Coal tar coatings metal structures 
immersed sea water can made 
resist barnacle damage giving them 
tough cement-like surface which serves 
barrier. workable coating would 
consist enamel-% sand mix (by 
weight). Prolonged protec- 
tion can furnished coal tar coat- 
ings modified less impermeable 
water and thus provide the required 
leachability toxics necessary for con- 
tinued good performance. Coatings 
both types have performed well sea 
water extending for periods 

data are given show the 
resistance coal tar and asphalt enam- 
els barnacle penetration, 
ance experimental coatings systems 
barnacle penetration, the effect 
toxic, toxic pretreatment and vehicle 
the anti-fouling properties 
base coatings, the influence 
and coating formulations 
performance, fouling 
ratings tar base coatings ex- 
posure sea water. Experiments were 
performed test coal tar coatings 
creosoted wood. Other panels 
tests include steel, and 
pine. 14103 


5.4.8, 6.4.2, 8.9.5 

Mercury Compositions Aluminum 
rosion Technology, 13-14 (1957) Jan. 

Corrosion results the hull 
aluminum alloy motor boat, coated with 
composition containing mer- 
cury, and suggested remedial measures. 
13866 


5.4.8, 8.8.3 
Coatings for Protection Electro- 
plating Equipment. 
Metal 55, 62-64 (1957) 
Notes properties and application 
coatings available for protecting plating 
equipment including sheeting, 
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Corrosion protection saran lined pipe—liquid never touches metal. 


Here’s why Saran lined pipe offers long range economy 


It’s rigid steel 
corrosion-resistant saran ... keeps shutdowns minimum for years 


Looking ahead? your plans call for complete corrosion- 
resistant piping system with low total installation 
system that requires minimum maintenance that’s 
simple modify that can fabricated the field? 


Then will pay you every way look into the genuine 
economy complete system saran lined pipe. 


First, consider the natural advantages the new gray saran 
lining itself. Its lower coefficient thermal expansion and 
contraction more closely approaches that steel. This pro- 
vides broader operating temperature range 


SARAN LINED PIPE COMPANY J Please send me information on: 


N 
DEPT. 2000-C OC Saran lined pipe, fittings and valves. is 
2415 BURDETTE AVENUE C Saran lined centrifugal pumps. 
FERNDALE 20, MICHIGAN CO Saraloy 898 chemical-resistant sheeting. | Addres 


YOU CAN DEPEND 


resistance thermal cycling. can installed systems 
with operating pressures from full vacuum 300 p.s.i. and 
temperatures 200° Add these advantages the 
immediate availability saran lined pipe, valves, pumps and 
fittings and you have ideal piping system that can 
installed without trouble, waiting hidden costs. 


your plans call for lined tanks, want the advantages 
Saraloy® 898 tank lining added your saran lined pipe 
system. Get the complete story how will pay you 
install complete saran and Saraloy 898 lined system. THE 
DOW CHEMICAL COMPANY, Midland, Michigan. 


City 


ay 
Dow 
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hot dip coatings such waxes, solvent- 
type coatings 


14144 


5.4.10, 8.9.3 

Plastic, Protective Bands Used 
Against Corrosion. (In French.) Wer- 
NER and Remy. Corrosion 
Anticorrosion, 82-88 (1957) March. 

This easily applied form protection 
presents particular interest 
case buried metal piping. Several 
varieties bands are described—in nat- 
ural fibers, glass fiber and synthetic 
materials; outlines applications 
havior 14086 


5.6 Packaging 


Prevention Corrosion Packaging 
and Storage: Some Methods Testing 
Paper before Corrosion Group, Soc. 
Chem. Ind., Birmingham, April 11-12, 
1956. Chemistry Industry, No. 15, 446- 
451 (1957) April 13. 

Packaging influenced nature 
cargo (physical properties and corrosion 
resistance) and journey hazards (me- 
chanical, climatic and biological). Pack- 
aging materials and methods evaluate 
their corrosion preventative powers are 
considered. Temporary protectives (in- 
cluding pretreatment. Vapor phase in- 
hibitors and desiccants, barrier mate- 
rials, cushioning materials and container 
materials are reviewed.—INCO. 14084 


5.6.3, 6.6.10 
Protective Sodium Benzoate Impreg- 
nated Jute Wrappings for Steel Parts. 


HOUSTON ° CA 2-2203 

1038 4th Street 
Gretna, La. 
FOrest 1-1861 


ASSOCIATION CORROSION ENGINEERS Vol. 
Vol. February, 1958 No. 
Alloy Steel Products Company, Inc...... Equipment Manufacturing 
American Chemical Paint Co............ Maloney Company, 106 
Calgon Company, Division Mayes Brothers, Inc................. 

Hagan Chemicals Controls, Metal Thermit Corporation........... 
Carpenter Steel Company, The Mutual Chromium Chemicals, 

Cathodic Protection Service............. National Association 
Cherokee Laboratories, Corrosion Engineers 10, 112, 114 
Columbia-Southern Chemical National Carbon Company, Division 
Copon Associates...................... 115 Union Carbide 
Corrosion Engineering 104 Pittsburgh Coke and Chemical Cover 
Corrosion Test Supplies Company........ Positions Wanted 124 
Dearborn Chemical 133, 134 Prufcoat Sales Company, 
olvay Process Division 
Inside Back Allied Chemical Dye Corporation 123 
Good-All Electric Mfg. Spee-Flo Corporation................ 
Haynes Stellite Company, Division Standard Magnesium 

Humble Oil & Refining Company ole Tapecoat Company, The... 90 
International Nickel Co., Inc., Tinker 102 
Kraloy Plastic Pipe Company, Inc. 110 Paint 126 


Truscon Laboratories, 
Division Devoe Raynolds Co., Inc. 


Wilbur Williams 100 


Control, No. 47-49 (1957) Feb. 
Studies demonstrated 
that jute fabric impregnated with 4-5 
sodium benzoate effective cor- 
rosion-inhibitive wrapping bagging 
material for steel parts; but incorpora- 
tion wax benzoate impregnating 
solution, treatment found effective 
protection jute fabric per against 
acid fume attack, conducive rusting 
steel parts wrapped treated fabric. 
—INCO. 13837 


5.8 Inhibitors and Passivators 


5.8.2 

Testing for the Application Volatile 
Corrosion Inhibitor. (In Japanese.) Sec- 
ond Sub-Committee the Committee 
Preventing Corrosion, Japan Society 
for the Promotion Science. Corrosion 
Engineering, No. 87-103 (1957) 
March. 

The anti-corrosive and other effects 
dicyclohexyl amine nitrite were tested 
various metallic and non-metallic 
materials. Materials tested include fer- 
rous and non-ferrous metals, metallic 
coatings, paints, plastics, rubber, cellu- 
lose etc. Test was carried out under the 
condition saturated moisture 30C 
for about months and then test pieces 
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HAYNES tough problems 


Refinery Corrosives 
Economically Controlled 


chloride, hydrogen sulphide, sulphuric acid, 
and other strongly corrosive media usually associated 
with refinery operations are handled safely and eco- 
nomically equipment made HASTELLOY alloys. 
Complete protection can assured specifying 
HASTELLOY alloys for use towers, concentrator tubes, 
heat exchangers, tubing, pipe, pumps, and valves. 

There are four HASTELLOY alloys, each specifically 
designed resist certain corrosives. One more 
them can solve your corrosion problems, help lower 
maintenance costs, and step production. 

For full details physical and me- 
chanical properties, corrosion data, and 


fabrication information, send for our 
newly published 104-page booklet. 


Write HAYNES STELLITE COMPANY, 
Division Union Carbide Corporation, 
General Offices and Works, Kokomo, 
Indiana. 


Valves previously used lasted only day... 
but alloy valves exposed sulphuric acid and 

live steam while regulating flow from 

tralizer unit are expected last indefinitely. HAYNES STELLITE COMPANY 


Division Union Carbide Corporation 


CARBIDE 


“Haynes,” “Hastelloy” and “Union Carbide” are registered trade-marks Union Carbide 


were evaluated from the standpoint 
mechanical properties well anti- 
corrosive effect. the anti-corrosive 
power, pieces including 
couples steel pieces were also tested 

14251 


5.8.2 

Cyclohexylamine Carbonate Vol- 
atile Corrosion Inhibitor. 
Corrosion Prevention Control, No. 
37-39, (1957) April. 

Extensive series laboratory tests 
tests showed that cyclo- 
hexylamine carbonate (CHC) vapor 
many respects the most effective vola- 
tile corrosion inhibitor yet discovered. 
CHC gives almost immediate protection 
enclosed space due its relatively 
high rate volatility, and provides 
protection appreciable distance. 
addition its powerful ‘rust-inhibiting 
action ferrous metals, CHC protects 
nickel, Monel, lead, zinc and aluminum. 
all cases except copper and magne- 
sium and some their alloys, water 
droplets condensed metal not in- 
terfere with inhibitive action CHC. 
Graph shows effect CHC addition 
steel specimens supersaturated atmos- 
pheres containing sulfur dioxide. Results 
protecting steel evaporating 
pans, used for making beet sugar, dur- 
ing storage are 14171 


5.8.2, 4.4.7, 4.4.6, 5.5.1 

Laboratory Study Sar- 
cosine Rust Inhibitor Some Pe- 
troleum Products. and 
JoHN Corrosion, 13, No. 10, 
690t-694t (1957) October. 

Laboratory studies indicate that 
oleoyl sarcosine (I) effective oil 
soluble rust inhibitor solution gaso- 
line, mineral oil lubricants. 

Rusting tests used included: Turbine 
Oil Rusting Test (ASTM 
static immersion test, Humidity Cabinet 
Test (JAN Water Drop 
Test (MIL-L-17353 Bu. Ord.). addi- 
tion, number auxiliary tests were 
run indicate the effect (1) other 
properties the test liquid. 

Hydrocarbon solutions 
sarcosine are particularly effective 
preventing rusting the presence 
synthetic sea water and resisting 
water extraction the inhibitor. 14223 


5.8.2, 5.6.1 

Testing for Package Materials 
Treated with Volatile Corrosion Inhibi- 
tor. (In Japanese.) First Sub-Commit- 
tee (Sec. the Committee Pre- 
venting Corrosion, Japan Society for 
the Promotion Science. Corrosion 
gineering, No. 84-86 (1957) March. 

The anti-corrosive effect steel 
e.g. package materials coated with di- 
cyclohexylamine nitrate, were evaluated 
testing methods specified U.S.A. 
specification, 14228 


5.8.3, 2.3.4 

Researches Corrosion and Inhibi- 
tion. GARDNER. Am. Chemical Paint 
Co. Franklin Inst, 263, 523-533 
(1957) June. 

Study corrosion velocity steel 
dilute acetic acid, presence oil 
phase and presence and absence 
organic inhibitor. Values the 
fractional surface covered adsorbed 
inhibitor, are calculated 
ments for each inhibitor concentration 
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Langmuir equation the form 

solved graphically plotting ob- 
suggested that value Langmuir 
constant found this manner, can 
used for over-all avaluation 
organic corrosion inhibitor. Tables, 
graphs.—INCO. 14260 


5.8.3, 3.6.6, 6.4.2, 6.4.4 

Investigation Inorganic Inhibitors 
for Minimizing Galvanic Corrosion 
Magnesium Coupled Aluminum. 
sion, 13, No. 608t-614t (1957) Sept. 

fundamental study has been con- 

ducted some inhibitors found 
effective reducing galvanic corrosion 
between magnesium alloy AZ31B and 
aluminum alloy 2024-T3 saline solu- 
tions. The object the study was 
determine the mechanism protection 
afforded the inhibitors, 
and CaS, singly 
combination. The effect these inhibi- 
tors the polarization characteristics 
the metals was determined with the 
electrodes isolated separate compart- 
ments, bridging being accomplished 
with agar-sodium chloride bridges. 
this group tests, the polarization po- 
tentials, recovery potentials 
sion currents were measured, the latter 
means the zero resistance ammeter 
circuit. Additional tests were made with 
the electrodes the same beaker, cor- 
rosion currents and corrosion rates being 
determined under these 

tential, corrosion current, and corrosion 
rate data indicates that the Mg( 
and polarize the aluminum 
strongly the anodic direction, thereby 
reducing the galvanic current the 
weight loss magnesium. 

Weight loss aluminum was related 
the increase alkalinity occurring 
experiments made the same beaker. 

Corrosion current measurements may 
serve useful tool for the determina- 
tion effectiveness inhibitors, but 
the method should not 
criminately. 

drawn from the results obtained ex- 
periments with both metals exposed 
the same compartment. 14204 


5.8.3, 38.3 

The Conditions Passivation Iron 
Chromates, Molybdates, Tungstates 
and Vanadates. (In French.) Pour- 
a’Etude Corrosion. Rapport Tech- 
nique No. 43, January 1957, pp. Avail- 
able from: Cebelcor, rue des Drapiers, 
Belgium. 

With the aid electrochemical equili- 
brium diagrams and new hypothesis, 
the conditions and electrode 
voltage were defined for which 0.01 
molar solutions chromate, 
tungstate vanadate can theoretically 
have activating passivating action 
14146 


5.8.3, 4.3.2 

Iron Corrosion Hydrochloric Acid 
the Presence Inhibitors Various 
CHENKO. Applied USSR (Zhur. 
Priklad. Khim.), 30, No. 3,393-400 (1957). 

Effect potassium bromide, urotro- 
pine and acridine inhibiting iron cor- 
rosion hydrochloric acid 20, 
means polarization curves. figures, 
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able: Associated Technical Services, 
Box 271, East Orange, New 
Jersey. 14206 


5.8.3, 4.3.2 

The Corrosion Iron Hydrochlo- 
ric Acid the Presence Inhibitors 
Various Temperatures. Part II. 
ANOSHCHENKO. Applied Chem., USSR 
(Zhur. Priklad. Khim.), 30, No. 523- 
528 (1957). 

mide, acridine and methanolas corrosion 
inhibitors studied 20, 40, and 
degrees. tables, figures, references, 
—ATS. Translation available: Associ- 
ated Technical Services, Box 271, 
Kast Orange, New Jersey. 14220 


5.9 Surface Treatment 


5.9.2 

Metal Surface: Pickling for Galvan- 
izing. (In French.) Herz. Vetallurgie, 
89, No. 125-127 (1957) Feb. 

brief introduction the respective 
merits and failings the various meth- 
ods pickling followed descrip- 
tion the oxidation steel with re- 
spect the order which the three pos- 
sible oxides are formed. Hydrochloric 
and sulfuric acids are then compared 
pickling agents. The article concludes 
with note the influences hydro- 
evolution and inhibitors the 
effects, rapid detection 


14270 


5.9.2 

Structure and Aptitude Pickling 
the Scale Hot-Rolled Strip. (In Ger- 
man.) WINFRIED DAHL and WERNER 
Stahl und 77, No. 13, 845- 
853 (1957) June 27, 

Testing method. Metallographic exami- 
nation strip different origin, Pick- 
ling tests with continuous record the 
loss weight, the potential and in- 
tensity current. Interpretation the 
test results.—SE. 14236 


5.9.2, 5.9.4 

Electrolytic and Chemical Polishing. 
No. 157-238 (1956). 

methods electrolytic and chemical 
polishing, excluding scientific and tech- 
nical applications. The three main parts 
deal respectively with the defination 
the state metallic surface; history 
and principles the polishing processes 
and mechanisms suggested; and com- 
ished mechanically, anodically 
mically. Two appendices give practical 
details electrolytic and chemical pol- 
ishing methods, listed alphabetically un- 
der metals. This paper, which exten- 
all with any interest this 


14102 


5.9.3 

Metal Cleaning and Finishing the 
Airless Abrasive Blasting Process. 
Inst. Production Engrs., 36, 
128-135 (1957) Feb. 
Cleaning castings, removing scale 
scale, cleaning weldments and preparing 
surfaces for final finishing 
abrasive process. Types sizes 
described.—MR. 
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